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the rhythmic response of this reflex is not sensibly affected by the rate 


the rate of application, duration, &c., can be better adjusted and con- 


OBSERVATIONS ON THE SCRATCH-REFLEX IN THE 
“SPINAL DOG. By C: 8. SHERRINGTON. (27 Figures 
- in Text.) 
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I. THE RHYTHM OF THE REFLEX RESPONSE IS INDEPENDENT OF — 
THE RHYTHM OF THE STIMULUS. 


‘Tue scratch-reflex of the ‘spinal’ dog can be elicited by electrical 


stimuli? as well as by mechanical of the kinds previously described" as 
efficient for it. It was noted in a former paper* that the frequency of 


of repetition of mechanical stimuli evoking it. For testing this relation 
electrical stimuli possess advantages over mechanical. With the former 


trolled. Ifa graphie record of the scratching movement itself be taken 
simultaneously with that of the application of the stimuli to the skin, — 
the rhythms of the movement and of the stimulus can be compared. 
1 Proc. Physiol. Soc. xv. 1904. (This Journal, xxx1.) _ 
* This Journal, xxx. p. 39. 1903. 
3 This Journal, xxrx. p. 64. 1903. 
PH. XXXIV. 1 
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C. 8S. SHERRINGTON. 


As to the forms of electrical stimulation which are effective for provoking the reflex, — 
the constant current, faradism, and the high-frequency discharge are all found to be so, 
but faradic currents are what I have used most often. To apply them the point of a fine 

entomological pin, preferably gilt, has been lightly inserted in the skin to a depth of about 
one millimetre or less. The pin can be made the kathode for delivering series of single 
shocks, and is a useful stigmatic electrode for series of double shocks; the other electrode 
is made diffuse (a large copper plate) and applied to the shaven and moistened skin some- 
where headward of the spinal transection. Feeble induced currents with the secondary coil 
of the Bern inductorium beyond the lowest mark on the Kronecker scale and imperceptible 
to the tongne-tip will often evoke the reflex if the reftex conditions of the spinal cord 

be good. 

Electrical atimuli, although they answer well as a rule for the 
ordinary purposes of experiment with the scratch-reflex, are nevertheless — 
distinctly less effective than those mechanical previously described as 
specially appropriate to the reflex. Probably the latter are the really 
adequate stimuli. The relative inefficiency of the electrical stimuli is 
clearly brought. out when the spinal condition is such that the reflex 
is less easily elicitable than usual. The electrical stimuli will then, 
even when of full strength, often altogether fail to provoke the reflex, 
while mechanical stimuli still provoke it. Thus in the period during 
which the animal is slowly recovering from ‘spinal shock’ consequent 
on the spinal transection, it, may not be until long after the reflex has 
become demonstrable by mechanical stimuli that electrical become able 
to evoke it. The less efficiency of the electrical stimulation is also well 
shown with excitation in the border zone of the skin-area whence the 
reflex can be evoked (Fig. 19). There the threshold-value of stimulus 

is higher than in most other parts of the field, and though rubbing with 
the finger or a pencil-point fairly easily excites it, the faradic or galvanic 
eurrent may quite fail to do so,.even when intense. Of all forms of 
electrical stimulation the most effective in my experience is high- 
frequency discharge, even though applied without actual -contact with 
the skin. Where mechanical stimulation fails to excite the reflex 
T have never found any electrical stimulation succeed. 

_ The rhythmic scratching movement of the hind limb can be examined 
in several ways. Thus, the flexion at the hip can be recorded (Fig. 1) 
by attaching to the thigh above the knee a thread operating on a light 
lever.. Falsification of the period of the rhythm -by the periodicity of 
the recording lever has been controlled by varying the length of the 
lever, and by in certain instances dispensing with the lever and allowing 
a bristle, tied into the recording thread, to inscribe the movement. 
_ These measures gave records in all cases exhibiting the same rhythm. 
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SORATCH-REPLEX. 


If each separate flexion of the limb is called a beat, the scratching 
movement of the limb shows a frequency of about 4'8 beats per second. 
The frequency of the rhythmic movement is, however, not always exactly 
the same ; its variation in my records lies for the most part between the 
limits of 44 and 5-2 heats per second. The earlier beats in a reflex often 
follow each other rather more-tapidly than do the later in the series. 


All the tracings in the figures read from left to right. 


Fig. 1. Scratch-reflex elicited by unipolar faradisation. Signal below. Time in fifths 
_ of seconds above. 
In all of the considerable number of dogs examined in this research 
the rate of rhythm of the beat has been practically the same. In some 
of these animals the spinal transection had been in the posterior cervical 
region, in others as far back as.the 10th thoracic segment. From one 
of the animals graphie records have been taken from time to time 
over a period of two years and three months, and the rate and general 
features of the rhythmic movement have’ been found to remain practi- 
cally unaltered throughout that time. 
“Im a dog in which a liberal semisection in the middle of the cervical region had been 
established the reflex became elicitable on the side of the semisection, as often happens 
after liberal semisection. It was elicitable not only from.the saddle-shaped field of skin 
regularly revealed (Fig. 19) as the receptive field by posterior cervical transection, but 
also from the dorsal aspect of the neck behind the semisection. The reflex in this case 


was also elicitable from the foremost nipple. The rate of the rhythm of the movement 
when excited from the dorsal skin was found in this animal to be habitually quicker than 
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4 SHERRINGTON. 
usual, i.e. usually 5°4 beats per second. When excited from the nipple the reflex was 


particularly brisk, and had a frequency much higher still, ¢.g. on several occasions - 


- q-4 beats per second. I have not met with nearly so high frequency as this in any other 
examples of the reflex. No other characters in this example supported the suspicion that 
it was really some other reflex than the ordinary scratch-reflex. 


‘The rhythm of the reflex movement as excited by electrical stimu- 
lation fully resembles that obtaining under mechanical. Fig. 2 shows 


Fig. 2. Seratch-reflexes elicited by mechanical 
stimulation A, and by electrical (unipolar 
faradisation) B, respectively. Bottom line 
signals duration of stimulus. Time in 
seconds next above. At top in B is the record 
of delivery of the induction shocks, 8 a 
second, 


shocks.*77 sec, and ‘66 sec. apart are more 


interval of “5 sec. have been uniformly successful, but shocks at ‘33 sec. | 


the results of the two modes 
of stimulation applied in the 
same animal and within a 


few minutes’ succession ore — 


to another. . The, lowest fre- 


_ quency of repetition of the 


induction-shocks which suf- 
fices to elicit a scratch-reflex 
has varied somewhat in dif- 
ferent animals and in the 
same animal at different times. 
It also varies with different 
points of application in the 
receptive-field of the skin. 
Occasionally double shocks 
following each other in series 
at the long interval 1°6 sec. 
between double shock and 
double shock have been suc- 
cessful, but the rhythmic re- 
flex movement so obtained 
although excited and just 
maintained has tended to 
be somewhat irregular and 
‘groupy’ as if on the point 
of failing at short intervals. 
Double shocks ‘91 sec. and 


‘88 sec. apart have been more | 


frequently successful, and 
successful still. Shocks at an 


interval excite more quickly and with the secondary coil at greater 
distance from the primary. Shorter intervals employed with double- 
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SCRATCH-REFLEX. 5 


have been ‘28 sec., “1 sec., ‘05 sec.,. ‘Ol sec.; all these excite 
the reflex well. The reflex has also been easily and regularly excited 
with double shocks when the interruptor in the primary circuit was a 
tuning-fork (Zimmermann) of 512 d. v. per second. On the supposi- 
tion that this really supplied an effective double shock at each vibration 
the interval between the stimuli became less than 2c. With this — 
stimulation the reflex though quickly evoked and maintained voy 
for a time tended to rapidly die out. 

Under all these different rates of stimulation the frequency of the 
rhythm of the resulting reflex movement remained practically the same, 
namely, about 48 beats per sec. Similarly with series of single shocks, 
make or break. With single shocks the observations have included 
intervals from shock to shock varying from °5 sec, to ‘02 sec. The 
variation of rate has been obtained with rotating keys in the primary 
circuit, especially with Engelmann’s polyrheotome (Kaguenaar) and 
with Brodie’s rotating key driven by an electro-motor. Slight differences 

in the rate of rhythm observable in the records of the reflex movement 
appear related to other conditions of experiment—eg. to intensity of 
_stimulation, to spinal excitability, &c.—rather than to the frequency of 
the exciting stimuli applied. Apart from these slight differences the 
rate of rhythm of the movement has been the same throughout. : 

Further, the reflex movement has been initiated by single shocks at 
6 per sec. and then continued and maintained by double shocks at 512 
per sec., and under this change in the rate of application of the stimuli 
the rate of rhythm of the reflex movement has remained unaltered, 
namely, 4°8 per second. With Engelmann’ s polyrheotome it is easy 
without altering the rapidity of the opening and closing of the key to 
make the intervals between the successive delivery of the induced 
currents unequal, thus distributing them in more or less irregular groups. 
For instance after a few observations with stimuli following regularly at 
20 per second each third peg is removed from the rheotome, or each 
third and fourth peg. The stimuli in the latter case follow with 50 ¢ 
interval between one pair and with 150 ¢ interval between the next 
pair. In spite of these irregularities of interval in the application of 
the stimuli if no interval, with fairly strong stimuli, exceeds about 1 full 
second, the rhythm of the reflex movement persists unaltered, namely, 
with a frequency of about 48 beats per sec. and is as regular as if the 
exciting stimuli proceeded at regular intervals. With the interposition 
of intervals above 1 sec. the reflex shows signs of lapsing just after the 
—— of that interval, that is, it tends to become ‘groupy.’ 
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6 C. S. SHERRINGTON. 


Further, the rhythm of the reflex response to high frequency discharge 
(Fig. 3) is the same as in the above cases. And the reflex when evoked 
by the constant current has’also the same rhythm. With the constant 
current applied so that a diffuse anode lies outside the receptive skin- 


field and headward of the spinal transection while a stigmatic kathode — 


Fig. 3. 


Fig. 3. Serateh-reflex evoked by high frequency distharge. Signal above. Time in 


seconds below. In this animal ‘the threshold value of stimulus was high at the time 
Fig. 4.4, B, C. Scratch-reflexes excited at the kathode of a galvanic current. The 
‘ strength of the current was greater in B than in A, in C than in B. Signal below. 


acts in the receptive field the reflex appears at | make of the current — 


(1°5 milleamperes) and lapses (Fig. 4A). With more current the reflex 
appears at make, then lapses, and reappears at‘ break (Fig. 4C). With 
more current still the reflex is maintained for a short time during the 
passage of the current and is then intensified on cessation of the 
current. 
_ As shown previously! a heat-beam brought to bear on the skin 
within the receptive-field will excite the reflex. ‘I'his can be considered 
to form like the galvanic current a more or less constant continuous 
stimulus. The rate of rhythm of the reflex as excited by the heat-beam 
is the same the reflex shows when provoked by the other forms of 
_ It seems therefore that “this reflex arc resembles the cardiac 
This Journal, xxx. p. 89. 1903. 


| 
je 
+ 
= 
G 
&> 
ay i 
> 
7, 
= 
a 
ig 
aq 
a 
4 
“ 
ay 
* 4 
~ 
4 
“ag 
fe 
Aq 
2 
a 
g 
a7 
i 
& 
| 


\SCRATOH-REFLEX. 7 


mechanism in responding cynstant stimulus rhythmically’,” and 
that modifications of the external stimulation “ hardly appreciably affect 
the frequence'of that rhythm*.” The reaction of the reflex mechanism 

exhibits therefore in a marked degree the phenomenon of ‘refractory 


As to the rate of rhythm of the scratch-reflex in comparison with 
that of other rhythmic movements in the dog, it is about half as fast 
as that of the ankle-clonus, sometimes observable in the spinal dog, of 
which I have obtained records from some of the same animals that have 
yielded records of the scratch-reflex. It is also about half as fast as 
_a rhythmic clonus I have often obtained records of in the after-discharge 
of the flexion-reflex in the dog. On the other hand, it is about twice as 
in rate as a rhythmic stepping movement of Teg (Fig. 5) 


Fig. 5. The crossed stepping-reflex, excited by unipolar faradisation of the oppaiin 
: hind foot. Time in secs, _ The signal line above the time line. | 
which I find elicitable in the spinal dog by faradic stimulation of the 
opposite hind foot—a reflex which may be termed the ‘ crossed stepping 
reflex.’ It is also about twice as fast as the ‘mark-time’ movement 
which occurs (Goltz and Freusberg) in the spinal dog when the 
animal is held up free from the ground with the hind limbs pendent. 
But the rate of rhythms of this latter reflex, in my experience, varies 
much in different animals and at. different times, and Philippson’s? 
chronography of the kindred rhythmic movements of trot and gallop in 


1 Proc. Physiol. Soc. p. xvii. 1904 (this Journal, xxxi). . 
® Heger’s Travaux de Laboratoire, Institut Solvay, Bruxelles, 1905. 


« 
4 
q 
4 
‘ 
= 
q 
ag 4 
4 
ay 
<q 
4 
4 
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the spinal dog exemplifies the same. The rate of the rhythm of the 
scratch-teflex in the dog is closely similar to that found by Gotch and 
Burch? as average for the rhythmic reflex response of the giant nerve-cell 
supplying the electric organ of Malapterurus. But the reflex rhythm in 
the scratch-reflex is much less variable in frequency* than is that of the 
discharge of the nerve-cell of Malapterurus. 


Il. Rerractory PHase. 

The scratch-reflex gives a rhythmic response to a constant stimulus 
and to stimuli following in series quicker than its own rhythm or at 
rhythms whose time-relations must interfere with its own. It therefore 
behaves as though at recurrent periods it, so to say, paid no regard to a 
stimulus that would otherwise excite it. There remains to examine 
_ whether its refractory phase thus exhibited can be broken through by 
increasing the intensity of the stimuli applied. _I find that increase of 
the intensity of the stimuli does not break down the rhythmic character 
of the response, and that it practically hardly alters even the rate of the 
rhythm. Thus, when the reflex was being evoked-by break shocks 
delivered at 50 per sec, or by double shocks at 50 per sec., increase of 
the intensity of the shocks, although markedly affecting the reflex in 
other ways, hardly or not at all increased the frequency of its rhythm. 
The frequency does often increase slightly but the increase is small, e.g. 
from 46 per sec, to 5:2 per sec, The refractory phase exhibited by the 
reflex mechanism is therefore not only marked in its regularity, but also 
in its degree or intensity. It has evidently much likeness in this 
respect to the swimming-beat of Medusa, and indeed to the beat of 

the heart. 
__ In regard to what portion of the reflex-are of the scratch-reflex is 
responsible for the refractory phase the following considerations arise. 
Among the muscles which execute the reflex-movement may be included 
with certainty dorso-flexors of the ankle, flexors of the knee, and flexors 
of the hip. These muscles respond by tetanic and not by clonic contraction 
when their motor nerves are stimulated by stimuli at rates of 30 per sec. 
_ or more, Moreover they exhibit tetanic contraction when executing 
_ other spinal reflexes, ¢.g. the flexion-reflex of the limb, They and their 
motor nerves therefore though expressing the rhythm of the scratch-reflex 


1 Proc, Roy. Soc. London. 1899. 
* Sherrington, Proc, Physiol. Soc. cit. supra. 
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cannot be regarded as its originators, They are not responsible for the 
refractory period exhibited. The brief contractions of the clonus. of the 
scratch-reflex are, one may assume, short tetani, like those for instance 
_ of the diaphragm in the rhythmic movement of respiration. . 
At the other end—the receptive end—of the reflex-arc there seems 
little likelihood that the afferent nerve possesses a refractory period 
such as that exhibited in the reflex reaction. I have. not as yet | 
succeeded in by direct ‘stimulation of an 
afferent nerve. 


The difficulty of liciting directly from the afferent nerve certain reflexes easily 
_ @licitable by stimulation of the skin is recognised. Marshall Hall! called attention 
to it. Goltz? never succeeded in eliciting the croak-reflex of the frog by any direct 
electrical excitation of the afferent nerves from the very skin whence it is readily obtained 
by the usual mechanical stimulus (‘stroking’). Reflexes of nociceptive origin are easily 
elicitable by direct stimulation of afferent skin-nerves, but the scratch-reflex is not? 
of purely nociceptive character, and purely nociceptive reflexes tend to inhibit it. The 
afferent nerves passing from the skin-region that yields the scratch-reflex contain 
rich quota of nociceptive afferent fibres. The direst stimulation of these nerve-trunks 
tends to produce a nociceptive reflex, and not the scratch-reflex. If the needle-point used 
as the ‘stigmatic electrode for the scratch-reflex be inserted too deeply into the skin 
seratch-reflex, is excited. 


Failure, therefore, to elicit the scratch-reflex by direct stimulation 
of afferent nerve-trunks does not appear remarkable. But the failure 
leaves open the possibility that the rhythm and refractory period : are 
_ attributable to the receptive end-organs within the skin itself. 


In a former paper‘ evidence was given that the cutaneous nerve endings specially 
concerned in exciting the scratch-reflex are, in the dog at least, closely connected 
with the hair roote, Since then I have in regard to the large saddle-shaped area of 
hairy skin on shoulder and back met nothing controverting that evidence. But further 
acquaintance with the reflex shows that it is also elicitable from the nipple (Fig. 19), that 
is from skin practically devoid of hairs. The reflex has not been obtained from nipple 
in all the dogs examined; and only from certain nipples in those dogs in which the 
nipples have reacted. From the hindmost nipple I have not in any dog obtained the 
reaction easily; from the second nipple I have not obtained it at all. The dogs (bitches) 
in which the nipples have reacted have all, to judge from the appearance of the nipples, at 
‘some time suckled puppies, The nipples yielding the reaction were large and flaccid. 
The dogs not yielding the reaction from the nipples had none of them, with one possible 
exception, borne puppies. 

The scratch-reflex as evoked by stimuli applied to the saddle-shaped area of dorsal skin 


1 Memoirs on the Nervous System, London. 1837. 
2 Gergens, Pfliiger’s Archiv, xm. p. 61, 1876. 

3 This Journal, xxx. p. 39, 1903. } 
4 This Journal, xxx. p. 39. 1903. 
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is unilateral and uncrossed; that is, the stimulus excites scratching movement only in the 
hind limb homonymous with the side stimulated, This uncrossed unilaterslity holds less 
strictly for the nipple areas. With the fourth nipple (Fig. 19) irritation not seldom 
produces ‘scratching movement in the crossed hind limb, though less easily than in the 
homonymous.: .In regard to this it may be remarked that the nipples lie accessible to 
reach by either hind paw, whereas the saddle-shaped dorsal area is accessible to the 
homonymous paw only. 
There is, however, a feature inthe scratch-reflex which seems to 
exclude the possibility that the rhythm and ‘refractory period of the 
reflex response originate either in the receptive skin-organs or in the 
afferent nerve fibres of the reflex arc. If, while the reflex is being 
excited by, for instance, unipolar faradisation at .a stigmatic pole 
inserted at a point A in the receptive skin-field, another point B in the 


a b 

Fig. 64, b. (a) Scratch-reflex evoked by unipolar faradisation first at a point 4 and then 
continued at @ point B.. Signal A marks duration of stimulus at 4; signal B that 
of stimulus at B. Time above .in jth.secs. - (b): Similar to a, but with the sequence 
of the stimulation at skin points 4 and B reversed, as shown below by the signals. 
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SCRATCH-REFLEX.. 


field, for instance 10 centimetres distant from A, be excited, the 
rhythmic reflex already in progress from A reveals no evidence of 
interference with the reflex elicited from B (Figs, 6 and 7), The 
rhythm of the second reflex does not interrupt, check, or engraft itself 


Fig. 7a, b,c. Scratch-reflex excited by unipolar faradisation at two separate skin points 4 

- | and B. Signals 4 and B show the moment and duration of the stimulus at these points 

a . The delivery of the shocks at each skin point is recorded in the lines 

4 and B above the signals 4 and B. Time above in }th secs. In Figure a the 

‘stimulation at B just that at 4, In Figure } the stimulation at 4 was 

- interpolated into the period’ of that at B; in Figure c the stimulation at B was 
similarly interpolated into that at A. , 
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between the phases of ‘the rhythm of the former reflex. It- ‘simply 
smoothly harmonises with it without any obvious disturbance of the 
rhythm. Since the motor apparatus in operation can reply by rhythins 
of contraction much faster than 48 per sec. and can indeed yield 
perfectly tetanic fusion of contractions, it might have been expected that 
the resultant reflex under the double initiation would show a rhythm of 
double the 48 per sec, frequency. That is not the result, nor is it even 
with — slow frequency of delivery of the exciting stimuli, eg. 
7 per sec. allowing the shocks 
applied at the two seats of ex- 
citation to fall accurately alter- 
nately at the two places (Figs. 7, 
9). Nor is the result altered by 
using a slow series of stimuli at 
one skin point and a rapid at the 
other (Fig. 8), e.g. serial stimuli 
of 7 per sec. at point A and of a 
100 per sec. at point B. It might 
be suspected that at the second — 
seat of stimulation, ¢g. at B, the 
stimulation was in these cases 
not really effective at all. That 
possibility is excluded by the 
observation that the reflex started 
by excitation at A, and then pro 
ceeding under stimulation both 
at A and B, continues when the 
stimulus at A is discontinued. 
Nor is the result different when 
the sequence of the two separate — 
stimulations is reversed so that 
stimulation begins at B and 
follows at A. Further, the 


Fig. 8. Seratch-reflex elicited from two skin 


points 4 and B, the former of which gave 
the ‘low’ form of the reflex, the latter a 
‘high’ form of the reflex. The rate of 
_ stimulation (unipolar faradisation) at B 
was also of a wholly different frequency 
from that at 4. The slow succession of 
shocks employed at A is marked between 
the signal lines. Time in }th secs. above. 


rhythm of the stimuli at A and 
at B respectively may be made 
widely irregular ; or the stimula- 
tion at A may be mechanical 
while that at B is electrical, or 
vice versd, The reflex rhythm 
persists unbroken, and smoothly 
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merges from one, len into the other. If there is marked disparity 
between the intensities of stimulation at the two separate spots of 
provocation the rhythm of the reflex when the stronger stimulus is in 
operation may be rather quickened, ¢.g. become more than instead of 
_ less than 5 beats per sec., but there is no evidence of other —, 
_ or break in the rhythm. 
Again, the scratch-reflex has a somewhat different form according as 
_ it is elicited from this or that point of the receptive field. From some 
points the reflex has more tonic contraction: underlying its clonus. 
_ When, while the reflex is being elicited from one point a second point 
yielding the reflex in somewhat different form is excited, the result is 
_ obvious in the-different form assumed by the reflex under its conjoint 
excitation. Yet here again no hitch in, or reduplication of, the rhythm 
appears (Fig. 9). 


a b c 


Fig. 9a,,c. Scratch-reflexes elicited a from a skin point 4, } from a skin point B, c from 
skin points A and B with partially overlapping duration of the stimulations, but with 
. the individual induction shocks of the two stimulations ‘falling alternately at 4 and 
B. The moments of delivery of the induction shocks at A and B respectively 
are recorded in the two lines above the signal lines. Time in fifths of seconds. The 
reduplication or disturbance of the rhythm. 
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~ Hence it seems that the recurrent refractory phase of the reflex as 
elicited from a point A applies also to the stimuli delivered at point B’. 
Similarly. Zwaardemaker finds a refractory phase of reflex deghastition 
when induced by ‘stimulation of superior’ laryugesk mesee of one side 
obtain also for stimuli applied tieeugif the laryngeal of the opposite side’. 
The place of of the refractory phase must. therefore in these 
reflex mechanisms lie in some element common to the reflexes initiated 
at A and B: respectively. The reflex channels belonging to skin 
points A and B certainly do not before they enter the spinal cord 
impinge upow'any such common mechanism. There can be excluded — 
therefore from the seat of manufacture of the refractory phase both the 
afferent’ nerves and’ the receptive end-organs in ‘the shir: 


tefractory phase is therefore ‘of central 


Under gradation of intefisity of stimulation the scratch-reflex 
markedly exhibits correspéfident grading of intensity of motor response. 
This is traceable mére easily with electrical excitation than with 
mechanical, gradafion of the former being more easily manageable 
than of the laé#ér. With induced currents as stimuli the bringing of 
the secondaty coil step by step nearer the primary suffices to give a 
dozen or more successive degrees of intensity of the reflex from a single 
skin point without apy shift of the stigmatic exciting electrode or any 
alteration in the interrupting key in the primary cireuit. The increase 
in intensity of the reflex shows itself in increase of the amplitude of 
beat of the movement with usually little or no acceleration of the 
rhythm, This is so whether the rate of frequency of the exciting 
stimuli be rapid or not, so long as it lies above the necessary minimum 
mentioned abpve. The increase in the amplitude of the beat may be 
very great. I have one graphic record in which the excursion under 
the intenser stimulus is thirteen times as great as under the weaker 
stimulus. Fig. 10 exhibits six grades of the reflex from a series of 
twelve obtained in succession at one minute intervals by. successively 
bringing the’ secondaty coil nearer the primary, and thus progressing 
from weaker reactions to stronger in order to exclude possible simulation 


4 Proc. Physiol: Soe. xvii, 19043 this Journ: 


v. 2, 1905, 
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of grading by fatigue. Fatigue réadily occurs in the scratch-reflex and 
its effect in the series of Fig. 10 must make the actual differences there 
seen somewhat less than they would really be without it. Fig. 11 a 
shows a series somewhat similar but obtained by a much briefer stimu- 
lation. The duration of the stimulus was the same in each step of the 
series, namely 14 make shocks delivered at the rate of 28 per sec. by a 
stigmatic kathode. The rotating key was driven at constant speed, and 
the delivery of the induced’ currents for stimulation was effected by an 
automatic key in the secondary circuit — unshortcircuited that 
circuit for one half-second. : 

/The reaction of the scratch ane although so closely resembling 

that of the heart in exhibiting marked refractory phase (Kronecker’, 
Marey’), differs from that in showing nothing comparable with the ‘all 
or nothing’ principle of the cardiac response. 
Increase of intensity of the reaction, obtained for instance by 
increasing the intensity of the stimulus, besides increasing the amplitude 
and force of the beat of the reflex also increases the after-discharge 
(Figs. 11, 12, 14) and shortens the latént period (Figs.10, 12,14). 


IV . AFTER-DISCHARGE. 


The records in Fig, 11 exemplify besides the increase in amplitude 
the increase in after-discharge, which characteristically accompanies 
intensity of reflex-reaction.. In the above example the _ half-second 
stimulus in its weakest intensity excites a reflex of five beats, lasting 
altogether about 1°5 se¢onds. In its strongest intensity that stimalus 
excites a reflex of twice that number of beats, lasting in all about 
35 seconds. Fig. 116 was taken in the same experiment as lla and 
shows the result of the same stimulus, except that the induction shocks 
are individually still more intense than the strongest in lla. The 
translation of the récording surface was however reduced to condense 
the record. In Fig. 11} the half-second stimulus of 14 single shocks 
excites a reflex enduring 10 seconds, that is, about 7 times as long as is 
produced by the same set of shocks in weaker intensity (Fig. 11 a). 
Of the reflex produced the first part is a scratch-reflex of 12 beats, the 
latter part a stepping-reflex of eleven steps. 

By after-discharge may be understood all that prolongation of & 


1 Festgabe zu Carl Ludwig, Leipzig, 1 . 178 —e 
Travaux de Laboratoire, Paris, 
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reflex which ensues subsequent to cessation of the application of the 
exciting external stimulus. No feature of reflex reaction distinguishes 
it from nerve-trunk or nerve-tract conduction more fundamentally 
than lengthy after-discharge. Though marked in the scratch-reflex, 
it is in that reflex not so extensive, in my experience, as under com- 
parable degrees of excitation in some other reflexes, ¢.g. the flexion-reflex 
of the hind limb, the crossed extension-reflex of the hind limb. In the 
scratch-reflex the after-discharge is rhythmic and clonic like the rest 
of the reflex. With stimuli of moderate length and intensity it is usual 
for the after-discharge to have an extent of 3—4 beats. With quite brief 


Fig. 11a, b. A series of scratch-reflexes excited by unipolar delivery of the same number 
of break shocks at the same frequency but of increasing intensity. Time in secs. 
The number and duration of the series of induction shocks is recorded above. 

In the tracing (0), the furthest to the right, the speed of travel of the recording 

- gurface was reduced from what it had been in the tracings furnishing (a); otherwise 

the record remained unaltered from (a). 
of the after-discharge of the reflex. _— 
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stimulations the whole stimulation may fall within the latent period of 

_ the reflex and so the whole visible reflex appear as after-discharge (Fig. | 

12.¢), Such an occurrence emphasises the feature that the rhythm of the | 
response is independent of rhythm in the external stimulus. If an 1 
external stimulus of nine oscillations delivered at 20 per. sec, rhythm 

evokes after its own cessation a response in one case of ten oscillations — } 

at 5 per sec. and in another case a response of two oscillations at 3 per Ne 

sec. there can hardly, although both stimulus and response are rhythmic, a 

be any close relation between the rhythm of the one and the other. a 

_* The beats of the after-discharge of this reflex exhibit the slight 
lengthening of duration and sequence characteristic of the ending of - 

the reflex either on cessation of the stimulus or on fatigue setting in 
. under continuance of the stimulus, The terminal beat of the after- 
discharge presents regularly a distinctive slowness as well as a decreased 
amplitude. These characters in the terminal beat need not however be 
referable to fatigue, It is possible by careful gradation of the stimulus 


Fig. 12 a, b, ¢. Three scratch-reflexes evoked by the same series of make shocks delivered 
; unipolarly to the same skin spot, but with the intensity of the shocks greater in 
b than in a, in ¢ than in b. In a the reflex gives only one single beat; in b it 
gives two beats; in c ten beats. The exciting make shocks are recorded above. 
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toward threshold value to dvoke a scratch-reflex of one beat. only 
(Fig. 12 a). That single beat resembles in duration and amplitude the 
ordinary terminal: beat of the after-discharge. The slow and feeble 
character of the beat as the ordinary reflex dies away after excitation is 
therefore not a sign of fatigue necessarily, but indicates weak excitation 
relatively to capacity for response at the time. It shows that though 
the external stimulus may cease abruptly the internal excitation and 
the reaction of the reflex-arc itself subside gradually. This forms 
another item of evidence that the rate of rhythm of the reflex although 
it can be stated broadly to be independent of external conditions of 
excitation is strictly speaking not wholly so. The weaker stimulus 
results in a slightly slower rate; or, more generally expressed, the 
weaker reaction exhibits a slightly slower rate. | 
| e 
V. Summation. 

One single induction shock never in my experience suffices to 
evoke the scratch-reflex. In this the reflex resembles the reflexes 
from’ the hind limb of the frog’ as examined by Stitling’ in his 
well-known research. For the scratch-reflex a single induction 
shock remains a subliminal stimulus, even when sufficiently intense to 
cause on its application a general movement of: the whole animal. 
But induced currents serially delivered easily excite the reflex even 
when feeble in intensity, often when imperceptible to the tongue. The 
reflex can not unfrequently be evoked by two strong single (or double) 
‘shocks. I have a record where two break shocks delivered ‘22. sec. apart 
excited a scratch-reflex lastitig nearly two seconds and exhibiting nine 
beats, As to the time interval from stimulus to stimulus across which 
summation can take effect I find it longer with strong stimuli than with 
weak, The reflex can be excited by double shocks succeeding each 
other even so slowly as one double shock in 16 sec. That is the slowest 
frequency at which I have observed summation. At frequencies above 
once per sec, summation occurs more effectively and with lower inten- 
sities for the individual stimuli. At the frequency of stimulus supplied 
by the dog’s foot itself in scratching the receptive skin field, nainely at 
4’8 stimuli per sec., the summation is very facile. | 

- Summation in this reflex is well shown in the relatively long times 
and series of stimulation which, after extended latent delay, do yet 


1 Ludwig's drbeiten, Leipsig, p. 872. 1874. 
2—2 
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ultimately succeed in’ provoking the reflex (Fig. 13). My records 
include instances where the reflex breaks out after 46 make shocks 
delivered at 18-2 per sec, and where it breaks out after 42 double shocks 


Fig. 18. Seratch-reflex evoked by summation of rather weak double shocks, unipolarly 
Fi delivered st the moments recotded on the top line. Time below in jth sec, 


delivered atthe rate of 12°5 per sec. The latent period i in these cases 
extends to more than 2 and 3 seconds respectively, although under 
stimulation of quicker : rate the latency is usually little more than ‘15 sec. 
~The shortest latency in my records measures ‘085 sec. The intensity 
of the individual shocks remaining the same, the less their frequence 
(beyond a certain minimal interval), the longer the series required to 
reach efficiency by summation. The internal influence exerted as latent 
effect by the stimulus therefore fades gradually out, and as said above 
traces of it are discoverable even 1°6 sec. after lapse of a momentary 
external stimulus if that stimulus has been, though brief, intense. As 
- demonstrated on the frog by Stirling? the rate of the stimuli (induction 
shocks) applied to the skin remaining the same, the period across which 
they will sum to excite the reflex reaction varies inversely as their 
intensity. Fig. 14 shows four scratch-reflexes, excited each by 43 make 
shocks delivered at the rate of 40 per sec., the same speed of rotation 
of the interrupting key being maintained throughout the series of 
reflexes. Drawing the. secondary coil nearer the primary and thus 
increasing the intensity of the induced currents from 690 to 1100, 1900, 
_ and 5000 units of the Kronecker scale respectively decreases the latent 


period, At 1100 units it is ‘88 sec., and at 5000 units it is “45 sec, 


1 Ludwig’s Arbeiten, Leipzig, loc. cit. 1874, 
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One result of this is that with the weak stimulus scarcely more than 
_ one beat of the reflex response falls within the period of the brief 
stimulation employed. The example also shows the increase of after- 
discharge with increase of intensity of reaction, and the little influence 
which intensity has on the rate of rhythm of the reflex. There should 


Fig. 14 a, b, d. Seren of evoked by the cession of break shocks (tp 
line). Time below in sec, 
be some relation between the length of after-discharge and the length 
of interval across which summation between stimulus and stimulus 
- should occur. In consonance with that supposition it is found the after- 
discharge and the summation interval both of them last longer with 
stronger stimuli than with weaker. But the length of after-discharge 
visible in the records of the reflex-response is greater with strong stimuli 
(eg. Fig. 11) than the longest summation interval I have obtained, 
although the reverse is what might have been expected. I do not 
think instrumental inertia in my observations explains this difference. 
It would rather seem that the length of after-discharge evidences a 
cumulative internal effect, and by using gradually increasing intervals 
between the successive stimuli employed for examining summation 
interval in the later period of a reflex a summation interval might be 
found more closely agreeing in length with the length of after-discharge. 
_ The latent period of the scratch-reflex is in my experience habitually 
longer than that of various other reflexes in the ‘spinal’ dog’s hind-limb, 
notably than the homonymous flexion-reflex and the ‘extensor-thrust.’ 
The latent period varies much according to conditioning circumstances, 
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even in one and the same type reflex. In spite of such variation 


repeated experience with the reflexes soon makes the observer aware of — 


an unmistakably greater average latent delay with the scratch-reflex 
than with the other reflexes above mentioned. Taking instances where 
the intensity of external stimulus for both has been approximately the 
same and of fairly high strength, and exactly alike in regard to the rate 
of delivery of the individual stimuli of a series, and. well within the 
summation interval, the latency of the scratch-reflex when recorded by 
_ the same apparatus and from the same animal and at the same sitting 


as the ‘ flexion-reflex’ has in my records a period usually three times as 


_ long (Fig. 21), and often much more than that. 

Although the scratch-reflex, in my experience, unlike the hihe- 
reflex, cannot be excited by a single induction shock, it is easily excited 
by the break or make of the galvanic current (v.s.p.). It is also easily 
excited by a single minimal prick with a fine needle. Or the mere 
removal of the needle will excite the reflex. In Fig. 15 the first short 
reflex is the response to the quick minute insertion of a sharp 
hedgehog bristle, and the second to the similar withdrawal of the 
bristle, 


Fig. 1b. Seraich-reflexes evoked at the moment of insertion anid of withdrawal from 


the skin of the point of # sharp hedgehog spine. 
Fig. 16. Btimmation effect by stimulating subliminally two points.9 cent: apart in the 
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VL SPINAL INDUCTION. 


‘In the viiinaaasion described above a pre-current stimulus ielivered 
at a skin point exerts in the reflex-arc a facilitating influence (‘bahnung,’ 
Exner) for a stimulus ensuing at the same point within an interval 


sometimes as long as 16000. From general knowledge of the reactions 


of the peripheral nerve trunks and the skeletal muscles concerned in 
the reflex it seems permissible to exclude these structures as the seat 
of the bahnung. But the phenomenon might be referable to the 
cutaneous receptive organs whose excitation provokes the reflex, or 
might be referable to the central nervous mechanisms of the reflex-arc. 
From collateral evidence obtained by Exner and many others in other 
cases Of bahnung the latter seat seems the more probable, and 
experiment is able to fairly conclusively show that it is so in the 
scratch-reflex. 

At a point A in the receptive skin field there is applied a series of 
induction shocks of such intensity and at such rate as to be subliminal 
in excitatory value, but not far below the threshold. At another point 
B in the receptive skin, distant for instance 9 cent. from A, a similar 
subliminal series is applied. Though the, two stimulations applied 
separately are each subliminal, on being applied together they are 
supraliminal and excite the reflex (Fig. 16). The reason of this 
might be that the current applied at either stigmatic electrode, eg. at 
A extended in physical distribution so as to overlap in the skin the 
current applied at the other stigmatic pole, e.g. at B sufficiently to raise 
the physical value of the stimulus above the threshold, although the 
intensity of the currents used is very feeble. Against such an 
explanation is the circumstance that the effect is still obtainable when 


the stigmatic electrodes. are even 20 cent. apart (Fig. 17 a). And the 


effect is cut out by a local injection of cocain into the skin at one of the 

two places of stigmatic excitation. Further, the effect is obtainable 
with induction shocks so delivered that they fall alternately at A and B. 
The combined effect therefore appears not explicable by physical 
overlapping of the two stimulations. It seems that just as the effect of 
a subliminal stimulus favours the effect of a stimulus subsequently 
delivered at the same skin point, so also it favours the effect of stimuli 
delivered at circumjacent skin points. There seems therefore a bahnung 
in which subliminal stimulation of a reflex-are A reinforces stimulation 


of another and adjacent arc B. 
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This result might obviously in the present case be explicable in 
either of two ways. It might be that when the skin point A is 
stimulated a particular group of the efferent neurones innervating the 
muscles employed by the reflex is thrown into action, and similarly 
~ another group when skin point B is stimulated. The reflex movement 


Fig. 17 a, b. a, same as Fig. 16 but with skin points 20 cent. apart. 5, same but 
with skin points 15 cent. apart.. | 


which appears when points A and B are both stimulated at the same 
time might then be due to mechanical summation of two contractions 
each of which is of itself alone too slight to cause perceptible movement. 
In other words, the reinforcement would be due not to response in the 
motor neurones being more intense in any one of them, but to the 
number of motor neurones in action under the combined double 
excitation being double what it is under excitation of the two skin points 
taken singly. On the other hand, the reinforcement might be due to 
the group of motor neurones upon which the reflex-arc starting at 
skin point A impinges, being more or less common to the reflex-arc . 
starting at skin point B. The reflex resulting under combined 
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stimulation of the two skin points would then be due to greater intensity 
of excitation of the same individual motor neurones. 

The dilemma is therefore between extensity and intensity. Im- 
portance attaches to its solution, because in the former explanation it 
would not follow that the arcs had any mechanism in common, whereas 
on the latter explanation there must be a constituent. mechanism 
common to the sets of arcs arising at both of the separate skin points 
A and B respectively. But the reflex elicited by the conjoint 
stimulation has a rhythm which as compared with that of the reflex 
elicited by stimulation applied at either of the separate points shows no 
trace of reduplication. There is no evidence of two rhythms in the 
resultant end-effect. Here as in the previously mentioned summation 
the refractory phases in the reflex produced at A or B apply also ‘in the 
combined reflex. This implies that the afferent arcs A and B impinge 
actually upon a common mechanism, and that the motor neurones 
involved are common to both of the two ares arising at A and B 
respectively. The same conclusion is led to by another form of the 
experiment. To become effective by summation the individual stimuli, 
e.g. break shocks applied at a skin point, must follow each other at 
intervals of time not too prolonged, the interval being cateris paribus 
shorter the less intense the individual stimuli. When induction shocks 
are applied at A at such frequency, eg. twice a second, that at the 
intensity chosen they fail, on account of the slowness of their recurrence 
to evoke the reflex, if a similar series of induction shocks be applied at 
B similarly unable to evoke ‘the reflex, on applying the two series of 
stimuli concurrently in such a manner that each stimulus at B is 
delivered about midway in the interval elapsing between the successive 
stimuli at A, the reflex is evoked. 

These results indicate that the reinforcement in the central 
mechanism is in the nature of a reinforcement of intensity rather than 
of extensity. It argues that the reflex-arcs from the separate skin points 
A and B do in fact act upon the same motor neurones. The spread of 
bahnung from reflex arcs arising at A to central apparatus also shared 
by arcs arising at B may be obtained when skin points A and B are 
taken practically anywhere in the receptive field at not too great 
a distance apart. The reinforcement, is, however, greater when the 
points taken lie nearer together than when they lie farther apart. The 
greatest interval between the points at which I have been able to 
obtain distinct reinforcement is 20 cent. With skin points nearer 
together than 3 cent. the reinforcement is very marked indeed, but at 
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that distance there is of of the two 


stimulations, 

The fact that the reinSorcéiment ecotnes more marked as the distance 
between the points of separate stimulation decreases (Figs. 16, 17a, and 
17 b) suggests its explanation by overlap of the physical stimuli. Objec- 
tions to that explanation have been mentioned above) Another explana- 
tion of the increase soon suggests itself to the observer. The scratch- 
reflex in the spinal dog carries the foot approximately toward the place 
of excitation. When the irritation lies far forward in the receptive 
skin-field the foot is carried further forward, and when the irritation lies 
high dorsally the foot is carried further dorsally, and when the irritation 
lies far back the foot is not carried so far forward. A scratch-reflex excited 
from far back and high up in the field is therefore not wholly like a 


reeset evoked from far forward and low down. _ differences : 


Fig. 18, Sorateh-refler. form of the ‘reflex. Signal low. Time in 


sees. 


easily registered in graphic tracin Wg. 18 shows the form of the 
reflex when the skin point excited lies far back and high dorsally ; ; it 
maybe compared: with Fig. 2, where the skin point was far forward and 
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low. The’ nearer‘ together two points are ‘in the receptive field the 
_ Closer the likeness between the. scratch-reflexes that they initiate. In 
other words; the stronger mutual teiriforcement found to obtain between 
two skin points near ‘together as compared with the mutual reinforcement 
between points far apart is consonant with thé gréater likeness between 
the two reflexes excited by them. Or again, in other words, the alliance 
between the is the the between 
them. 
‘This form of ‘hakeieas of one ‘oles by another resembles certain 
of the visual reactions termed by Hering ‘induction’ so closely that 
‘spinal induction’ seems a useful designation for it. But it differs 
probably fundamentally from another form of ‘bahnung’ which I have 
described elsewherée' and to which the term ‘spinal induction’ in like 
manner is applicable. That other form of ‘spinal induction’ appears to 
occur as a rebound in succession to inhibition and I have termed it 
therefore ‘ successive spinal induction.’ The form of ‘spinal induction’ 
described in the present section seems to set in at once as a primary — 
effect of, and not a rebound from, the applied excitation. ‘Tt = for 


VII. Tae RECEPTIVE Fim. 


The ‘whole of skin from whose pointe. the can 
elicited may be conveniently termed the receptive field of that reflex 
(Fig. 19). The receptive field may be considered as composed of recep- 
tive points. That is to say, what is referred to as ‘the scratch-reflex’ 
in. general is strictly speaking a group of reflexes all more or less alike, 
all using broadly speaking the same motor apparatus in broadly speaking 
the same:way.’ And this group of individual reflexes forms a physio- 
logical group not only on account of their general similarity but also 
because they act harmoniously upon the same efferent path, and, in many 
instancés at least, demonstrably reinforce each the other’s action on that 
efferent path. Their intraspinal mechanisms are to a large extent knit 
togéther intu an unitary whole. The scratch-reflex as a whole may 
therefore be referred to as a ‘type-reflex.’ The kind of harmonious and 
reinforcing relationship between the individual reflexes comprised in the 
‘type-reflex’ may be indicated ‘allied reflexes’ -and 
their ares ‘allied 

1 Proc. Roy. Soc., Feb. 1905 B. 76; p.159. 
British Assoc. Reports, Address to Section I, Cambridge. 1904. 
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98 C. §: SHERRINGTON. 
Similarly with various other reflexes. In the limb the ‘ flexion-reflex’ 


and the ‘crossed extension-reflex’ are each of them ‘type-reflexes.” 


Each is a group of reflexes. The individual reflexes comprised in each 
of these ‘ type-reflexes’ have such mutual relationship among themselves 
that they act harmoniously together upon the motor nenrones of the 
type-reflex, and these motor neurones are practically common to them 
all. The motor neurone may in the relation which it thus holds to a 
number of reflexes in common be usefully designated the ‘final common 
path.’ The individual reflexes comprised in a type-reflex are allied 
reflexes because the mutual relation between their action on the final 
common path is one of harmonious alliance, and not of inhibition or 
interference, 

The extent of the receptive field of a type-reflex is often wide. It is 
much wider in some type-reflexes than in others; thus, that of the 
flexion-reflex of the hind-limb (cat, dog) is more extensive than that of 
the extensor-thrust of the same limb. The former includes the whole 
skin surface of the limb below the knee and a large part of that of the 
thigh. The receptive field of the extensor-thrust seems practically 
confined to the plantar surface of the foot. The receptive field of the 
scratch-reflex as revealed by spinal transection in the posterior cervical 
region is indicated in Fig..19, It is really more extensive, for it includes 
some at least of the side and back of the neck ; this latter portion can 
be revealed by spinal semisection in the anterior cervical region. In 


my experience the receptive field of this reflex is not always a perfectly — 
continuous area. The main dorsal saddle-shaped area may not actually 


meet outlying parts of the field in which certain of the nipples lie. 
Within the receptive fields of the type-reflexes not all the receptive 
points serve with equal facility or potency to excite the reflex. The 
points composing certain areas of the field are most effective, those of 
certain other areas least effective, and from the rest of the field the reflex 
is elicitable with intermediate degree of ease. The area whence the 
reflex can be evoked with least facility forms usually a circumferential 
zone. The area where the threshold value of stimulus is lowest lies 
usually fairly remote, though not equally remote, from all the borders 


of the field. The reflex effect of a weak stimulus in this central focal | 


area seems to resemble the effect of a stronger applied in the border 
zone. Reflexes of an intensity unobtainable from the border zone are 
easily provocable from the focal area. In the flexion-reflex of the dog’s 
hind-limb the toes and plantar cushion lie in the focal area. In the 
scratch-reflex of the dog the focal area extends along that part of the 
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field adjoining the mid dorsal line, especially at and near behind the _ 
scapular region; in Fig. 19 from 5 to 15 in the horizontal row of 
numbers and from the mid-line laterally to 8 in the vertical row, The 
difference between the threshold values of stimulus for sate focal and 
border zones may be very considerable. 


Fig. 19. The Scratch-Reflex. 
of the, ‘of thd, loth hind-limb be, 

lr marks the position of. the last rib. 
B.—Diagram of the spinal arcs involved. L, receptive or afferent nerve-path from, the left 
: foot; R, receptive nerve-path from the opposite foot; Sa, SB, receptive nerve-paths 
_ from hairs in the dorsal skin of the left side ; F C, the final common path, in this case. 
_ the motor neurone to a flexor muscle of the hip; Pa, P 8, proprio-spinal neurones, y 
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the scratch-reflex of the spinal dog’ in the same animal and at the same sitting. The 
situation of the points in the field is indicated by fractions, a number from the longi- 
tudinal row in Fig. 19 being numerator, a number from. the vertical row denominator. 
Double indaction shocks at a rate of 25 per sec. were used throughout and delivered 
unipolarly by an entomological pin-point lightly inserted. ee 
is expressed in the units of the Kronecker inductorium scale. = 


; Threshold value of 
physical stimulus 
420 units 
360 ,, 
5 no reflex even with 10,000 _,, 


though the reflex could be fairly easily excited 
from this spot by mechanical stimulation, 
e.g., rubbing with a pencil point. 


190 ,, 
90 
140 ,, 
4 50, 
140 ,, 
220 ,, 
7 120 ,, 
80 
i 
i 40 ,, 
i 50 


Expressed in this way the threshold value of stimulus at some points of the field is 
more than twenty-five times as high as at others. 


Although the absolute value of the threshold may vary much in one 
and the same animal at. different times, eg:'from day to day, the 
relative values vary less,. But this relative value is upset by ‘local. 
fatigue,’ etc. With variations in the general excitability of a type- 
reflex from time to time the size of the receptive-field varies, the field 
expanding when the excitability i is high and contracting when it. is low. 
During ‘spinal shock’ the reflex: may therefore if elicitable at all be 
elicitable: only from the focal area. ~ The receptive-field of the scratch- 
reflex usually exhibits besides its main focal area Ones, ¢.9. 
at certain nipples. 3 


ig 
3 
Gk 
cw 
> 
4g . 
a é 
a 
a 
¢ 
J 
4] 
4 
4 
om 
= € 
“a 


SCRATCH-REFLEX. 31 


The coalescence of the allied reflexes embraced in one type-reflex | 
tends to make weak stimuli applied to a larger area of the receptive 
field equivalent to intenser stimuli applied to a smaller area, and to 
make stimuli applied to a larger area in the extra-focal region of the | 
field equivalent to stimuli applied to a smaller area in the focal region. 
A stimulus applied at point A in the field exerts bahnung and 
reinforcement for stimuli at circumjacent points B, C, etc., not only 
when the latter happen synchronously with it but also when they 
happen subsequently to it. But the time-interval across which sum- 
mation can occur is less prolonged than when the stibsequent stimulus 
falls: at A itself. The intraspinal effect produced by a stimulus at A 
though it irradiates about the central end of the arc belonging to A is 
_ not so intense or prolonged elsewhere as at the central end of the arc 
of A itself. Thus at the central end of the arc of A itself the effect 
may remain detectable as stated above for 1600 o, but it is not so long 
detectable at the parts of the intraspinal mechanism upon which the 
central ends of the arcs of B, C, etc. impinge, and its persistence seems 
less in rough proportion to the degree i in which points B, C, ete. lie 
distant from point A. Therefore in spite of the befote-anexitioned 
evidence that the reflex arcs from separate areas of the receptive field 
are closely knit together intraspinally, the reflex arcs arising in separate 
parts of the field seem nevertheless to possess each their own more or 
less separable focus of action in the intraspinal mechanism of the reflex. 
The nervous mechanism. of the scratch-reflex bears in this, as in so 
many other respects, striking analogy to that of the nervous system of 
medusa as exhibited in the reactions of the —e Chemaues, 
— Bethe, and others). 

With punctiform stimuli of feeble tateinalty acbliid to the peripheral 
region of the retina it is found that movement of the image increases 
its visibility, A somewhat similar result is met with mechanical 
stimuli applied to the receptive field of the scratch-reflex. A touch 
that hardly excites the reflex or just fails to excite it will if repeated 
with a certain time-interval at points a centimetre or mere apart from 
each other succeed in exciting: it quite briskly.. The observations can 
be made by lightly running a spur wheel along the receptive field. It 
succeeds even when the tips of the spokes lie as far apart as 25 cent. 
Here immediate spinal: induction described above for 
is evidently answerable for the summation. 

An observation of somewhat similar kind is the 
~ stimulus, for instance. the edge of a card 20 cent. long, applied to the 
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32 C. SHERRINGTON. 
skin of the receptive field is not nearly so provocative of the reflex if 


applied simultaneously along its whole length and kept in steady 


apposition to the skin, as it is if applied by running one corner of it 
along the skin for the 20 cent. distance, and in the same time eg. 10 secs. 
as the whole card edge was applied. In the former case a slight reflex 
may be excited at outset and with even less likelihood at removal of 
the linear stimulus but there is no reflex during the constant application 
of the card. In the latter a reflex is excited soon after the stimulus 
begins, and becomes brisk and is continued throughout the whole 
period of application. It is a difference between a simultaneous line 


and a moving point and the latter i is — the more —" stimulus 


the scratch-reflex. 


The after-discharge of a following cessation of the 
closely ‘resembles the positive after-image resulting from 


visual stimulus. Its relation to the intensity of the reaction which it 
concludes, its undulatory character both in the scratch-reflex and also 
in the steadily tetanic flexion-reflex, offer analogy to features of the 
visual after-image. Immediate spinal induction extending from the 
central apparatus of one receptive area to that of. _— seems to have 
an in visual irradiation. 


‘a. is. sustainedly applied to: the. skin 
the seratch-reflex movement excited soon shows signs: of waning. 
This occurs. both. with mechanical and with électrical stimulation, but 
earlier with the latter. It might be that with electrical stimuli the 
waning. intensity of the reflex arose. from weakening of the 
stimulus: by polarisation, at the electrodes. Polarisation soon occurs 
there, but a similar though: not so rapid decrement is seen in the reflex 
under mechanical stimulation. The beat becomes less ample and 
the rate of beat, less frequent. The. decline is greater. than occurs 
usually under mere weakening of a stimulus that is still supra- 
liminal.. Further, the rhythm becomes not only slow but irregular and 
the beats become very irregular in amplitude. Finally, under continued 
stimulation the reflex-response dies quite away, to give however brief 


reappearances in imperfect groups from time to time if the stimulus be — 


still in spite of the decadence of the reflex-response continued further 
still. This waning of the reflex. seems referable to a form of that kind 
of process which is usually in physiology termed ‘fatigue.’ 
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Under this ‘fatigue’ the frequency of the rhythmic movement may 
sink from 5 beats per sec. to 3 per sec. or even 1°5 per sec, (Fig. 20; 
mechanical stimulation) before the reflex-response. actually disappears. 
In this condition of the reflex a strong stimulus is required to excite, 
and the reflex even under the strongest stimulus may be slow and 
irregular with long initial latency and poor brief-lasting ‘after-discharge.’ 


_ Fig. 20. The serateh-reflex showing alteration of reflex under prolonged mechanical 
stimulation of a single spot of the receptive field. Time in secs. 


‘Fatigue’ in my experience ensues more quickly in the scratch- 
reflex than in the flexion-reflex. Fig. 21 shows the duration of the 
scratch-reflex and of the flexion-reflex in the same dog in the same five 
minutes, and obtained by unipolar faradisation (break shocks) at the 
same frequency, and with the secondary coil at the same distance from 
the primary coil for both reactions. The scratch-reflex dies out after 
8 secs, exhibiting some slow concluding beats before lapsing altogether. 
The flexion-reflex on the other hand is after 12 secs, duration still 
unappreciably affected by fatigue: at the 10th second it has in fact 
shown an increase in the response, which it very often does exhibit 
- about that time, due to increase of flexion action at the hip. It is 
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difficult under unipolar faradisation to maintain a scratch-reflex for 
more than 45 secs. On the other hand, I have by similar excitation 
seen the flexion-reflex maintained for 15 minutes, although of course 
showing signs of fatigue. ‘Both the scratch-reflex and the flexion-reflex 
recover from such ‘local’ fatigue with remarkable rapidity (Fig. 22). 
Repose of 15 secs, or even as little as 10 secs. often suffices to tem- 
porarily remove in large measure the characters of fatigue from the 
reflex reaction of these arcs. Fig, 22 shows the latter part (39 secs.) 


Fig. 22.. The scratch-reflex under ‘local fatigue.’ Lowest line marks application and 
reapplication of the mechanical stimulation at the skin point yielding the fatigue 
effect. Signal a-a’, marks the time of application of a similar mechanical stimulus 
to a neighbouring skin point. Time above in secs. 


of a prolonged scratch-reflex induced by mechanical stimedihiom, The 
lower signal line B indicates by its depression the time of application of 
the stimulus that is producing the ‘fatigue.’ The line is depressed at 
commencement (left-hand side) of the figure, because the stimulus has 
already been in operation for 40 secs, The reflex elicited is seen to 
be almost tired out by the moment marked f by the B signal. The 
stimulus was then discontinued and on recommencing at f’, 10 secs. 
later, the reflex is seen to have notably recovered from the fatigue as 
shown by the tracing corresponding with the time #’-—8". The upper 
signal line A marks the time of application of another mechanical 
stimulus to another area of receptive skin field only two centimetres 
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from the one at which fatigue was induced. The reflex a—a’ from the 
second area shows but little sign of the fatigue induced in the reflex 
from the other area excited immediately prior to itself. 


This fatigue may be described as ‘local’ because when the reflex 


excited from one small area A of the receptive skin has developed the 
fatigue-change, reflexes evoked from points B, C, &c. circumjacent 
to A show little participation in the fatigue-change induced from A. 
I have noted a similar result with other reflexes’. It would indicate 
either that the local nerve-ending in the skin, or that the intraspinal 
mechanism itself, is the seat of the fatigue-process, since there is 
wealth of evidence that nerve fibres themselves are little subject to 
fatigue. But although I have not succeeded as yet in producing the 
scratch-reflex by direct stimulation of an afferent nerve-trunk, it is easy 
to provoke various other reflexes by such direct nerve stimulation, eg. 
the crossed extension reflex, and it is easy to produce ‘fatigue’ of the 
reflex when the reflex is evoked in that way, indeed it seems as easy as 
when the reflex is provoked from the skin. It may be argued from this 
that the seat of the fatigue lies less at the peripheral ending of the 


afferent channel than in the central reflex mechanism itself. In the 


intraspinal mechanism it can hardly be a phenomenon belonging to 
that part of the mechanism which as shown above is common to the 
two afferent channels from the separate receptive points A and B, since 
on testing that mechanism through B after producing fatigue through 
A little or no sign of fatigue is evident. It seems to me likely that 
the fatigue is due to a change at the synapse between the afferent 
neurone, ¢.g. Sa, Fig. 19, and the next link forward, eg. Pa, Fig. 19, in 
the reflex chain. I have already advanced such a view elsewhere*. 


If the axis cylinder is a fluid conductor (J. 8. Macdonald®, Jenkins and Carlson‘, 
Carlson®), and if other cell-branches which conduct resemble in this respect the axis- 
cylinder, and if there be not actual continuity of physical phase between the conductive 
part of one neurone and the conductive part of the next, i.e. if there do not exist actual 
confluence between them, a surface of separation exists between them. Even should a 
membrane visible to the microscope not appear, the mere non-confluence of the one 
with the other certifies a surface of separation. A surface of separation constitutes in 
various physical respects a membrane. The characteristics of reflex-arc conduction, as 


1 Phil. Trans. Roy. Soc. London, B. 1897. Also Schifer’s Text-Book of Physiol. u. 
p. 831. 


* Schifer’s Text-book of Physiology, 1900; 


to Section I, Cambridge. 1904. 

3 Proc. Roy. Soc. 76B. 1905. 

* Journ. of Comp. Neurol. x1v. p. 85. 1904. _ 
5 Americ, Journ, of Physiol. xm. p. 351, 1905. 
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distinguished from nerve-trunk conduction, may be referable to that membrane. The 
conception of the nervous impulse as a physical process (du Bois Reymond) gains in 


_the light of recent physical chemistry. The injury-current of nerve seems comparable in 


mode of production (Macdonald)! with the current of a concentration cell, where a 
physical process (allied to expansion of a gas) not a chemical provides the energy. Speed 
of propagation, brevity of time-relations, facile excitation by mechanical means, favouring 
influence of drying and of cold, absence of detectable temperature change, these are 
features of nerve-conduction which, as Macdonald? and others urge, argue a physical 
rather than a chemical basis. A transverse surface of separation, a membrane, in the 
path of such conduction must modify the conduction. The synaptic membrane would 
restrain diffusion, bank up osmotic pressure, restrict movement of ions, allow a double 
electric layer, accumulate electric changes, alter shape and surface-tension with change in 
potential, alter in potential with change of shape and surface-tension, preserve difference 


of concentration of electrolytes, and separate colloid suspensions or ion-proteids of 


different electrical sign. Thus, by such a membrane reversibility of conduction though 
obtaining in the conductor on either side, might, as Mr Hardy has pointed out to me, be 
replaced by irreversibility of conduction between one conductor and the next, in virtue of 
irreciprocal permeability of the membrane. At nexus between efferent nerve fibre and 
muscle-cell there is, it is generally admitted, no actual confluence of the two cells; there 
is at their meeting a surface of separation. Here, as also in the conjoined nerve and 
electric organ, features occur in the reaction that resemble those specially distinguishing 
reflex-arc conduction from nerve-trunk conduction, though not of such marked degree. 
‘In these cases, as also in Beth e‘s Carcinus experiment, the characteristics are not due to 
perikarya (nerve-cell bodies), for such are absent. Irreversibility of conduction is met with 
in the spinal arcs of vertebrates and is not met with in the nerve-net system of Medusa, 
which latter exhibits reversible conduction (Romanes*, Nagel‘, Bethe®, and others). 
In Medusa microscopic analysis finds (Bethe, Apathy) the nerve-cells of the net to be 


_ actually continuous, i.e. obtains no evidence of a surface of separation or membrane at — 


their points of conjunction; a synaptic membrane seems absent there. In the spinal arcs 
of vertebrates mieroscopical analysis has on the whole failed to find direct confluence of 
one neurone with another. The functional indications of the existence of a membrane at 
the synapse in such arcs are therefore not contradicted but rather supported by histological 
evidence. 


The supposition that at the meeting-place of neurone A_ with 
neurone B a membrane intervenes in the path of conduction, and that 
prolonged activity of reaction induces a lessening of the conductivity 
(permeability) of the synaptic membrane in the direction from A to B, 
affords a working hypothesis, which although it does not enlighten us 


“much further, seems to meet the facts of reflex fatigue brought 


forward in this paper. 
We may attempt to assign several characters of the scratch-reflex . 
to pe cect in the chain of its reflex-arc. By the method of ‘successive 


1 Thompson- Yates, Laboratory Reports, praets im. 1901, 
2 Proc. Roy. Soc. London, 76B. 1905. 

_§ Phil. Trans. Roy. Soc. 1877 and 1880. 
+ Pfliiger’s Archiv, p. 495. 1894. 


5 Aligem. Physiol. d. Nervensystems, Leipzig. 1903. 
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degeneration’ ’ it has been shown that long axones descend from cells in 
the spinal segments of the shoulder and thoracic and lumbar segments, 
and pass to the spinal segments containing the motor neurones of flexors 
_ of hip, knee, and ankle. It was also shown? that these axones in their 
course along the cord take a path corresponding with that proved* to be 
essential for the scratch-reflex. This correspondence renders probable 
the following as a reflex chain for the scratch-reflex (Fig. 19)*; a re- 
ceptive neurone (Sa or Sf, Fig. 19 B) from the skin to the spinal 
grey matter of the corresponding segment, eg. of the shoulder region. 
(ii) A long aborally-running propriospinal neurone (Fig. 19, B, Pa), 


from shoulder-segment to the grey matter of the hind limb segment. 


This is the internuncial path. (iii) A motor neurone (Fig. 19 B, FC), 
from the spinal segment of the leg to the flexor muscles. This last is 
the final common path’. The reflex-arc would thus consist of three 
neurones. It enters the grey matter twice, that is, it has two neuronic 
junctions, two synapses. It is a disynaptic arc. I venture to express 
schematically the construction of this arc as disynaptic, but in doing so 
I am influenced by the desire to express it as simply as possible so far 
as is consistent with the ascertained data of the case. 

The change in the reflex reaction which was above termed fatigue 
seems on the grounds adduced most probably referable to alteration at a 
synapse. The spatial restriction of the ‘ fatigue, in view of which it was 
described as ‘local,’ helps to posit its place in the reflex-arc. Several of the 
observations given in the foregoing sections indicate that the internuncial 
path, Pa for instance, is common not only to the receptive path Sa 
and to similar afferent paths commencing in the receptive skin field 
at distances not too widely removed from the point of commencement 
of Sa. Among the evidence indicating this is for instance the observa- 
tion that the refractory phases of the reflex initiated from skin point A 
applies also to reflexes initiated from skin points B, C, etc. many 
centimetres distant from A. Also the observation that ‘immediate 
spinal induction’ obtains between stimuli at skin point A and stimuli 
at skin points B, C, etc., several centimetres distant from A. 


It might appear that in these effects the neurone FC is the common > 


element answerable for the elision of interference and for the additive 


1 Sherrington and Laslett, This Journal, xxrx. p. 58. 1908. 

* Sherrington and Laslett, This Journal, xxrx. p. 58. 1903. 

3 Ibid. 

* Sherrington, Brit. Assoc. Reports, Cambridge, Addr. Sect. I. 1904. 
5 Sherrington, loc. cit. supra, Proc. Roy. Soc. 76 B. p. 269. 1905. 
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result. That assumption seems contradicted by observations which 
show that though stimulation of neurone FC through a receptive 
neurone Sa’ not too distant from Sa cannot disturb the refractory phases 
proceeding under stimulation through Sa, yet excitation of FC through 
some other afferent neurones, ¢.g. L (Fig. 19 B) of the flexion-reflex, or 
R (same figure) of the crossed extension-reflex, does at once disturb them 
and sets the rhythmic reflex from Sa altogether aside’. Afferent 
neurone § a’ (a scratch-reflex neurone) therefore must excite FC not 
directly, for if so it is not clear why the phases generated by it should 
not, like the activities generated by the other receptive neurones DZ and 
R, interfere in FC with the phases generated by Sa. Receptive neurone 
Sa’ must impinge on some mechanism earlier in the chain than FC, a 
mechanism in which refractory phases already established, eg. by Sa, 
- cannot. be broken through by impulses vid other receptive neurones. 
Such a mechanism might evidently be the internuncial neurone Pa. 
Therefore the propriospinal neurone Pa seems common to receptive 
paths and Sa’. This arrangement might be expressed by supposing 

that receptive neurone 88 of the figure arose in a skin point not too 
remote from the skin point of Sa of the figure, and by representing the 
internuncial neurones Pa and P§ in the figure as each of them common 
to both Sa and Sf. In that case the ‘immediate spinal induction’ of 
the scratch-reflex would be explained by Sa and S£ both exerting 
their effects additively on Pa or Pf or on both of them. 

It then becomes clear that the locus of the above-described fatigue 
effect must lie on the afferent side of Pa and P8, since that effect unlike 
the induction can be restricted to either Sa or S8. But much collateral 
evidence weighs against supposing the seat of the fatigue to lie anywhere 
along the continuity of the neurone. Its seat should therefore lie at one 
or both of the neurone-terminals, the peripheral in the skin or the deep 
in the cord. Some, though not conclusive, evidence argues that the 
fatigue is not referable, or is not chiefly referable, to the former: there 
is no evidence that it does not lie, chiefly at least, at the latter. On 
the contrary it seems inevitable that prolonged activity under prolonged — 
excitation will induce in the synaptic membrane a change unfavourable 
to conduction. The intraspinal terminal of the receptive neurone is a 
component in the synaptic membrane of the first synapse of the arc. 
The seat of the ‘local’ fatigue is therefore preferably posited in the 


synapse +3 the first synapse of the disynaptic arc SaPaFC. The 


1 Sherrington, Brit. Assoc. Reports, Cambridge, loc. cit. 1904. 
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‘immediate spinal induction’ is on the other hand referred to the inter- 
nuncial neurone Pa (respectively Pa’). The refractory phase is referable 
either to Pa (respectively Pa’) or to its synapse with FC. 


_ Rapid onset of ‘local fatigue’ renders it difficult to excite by 


stigmatic stimulation at one spot of skin a scratch-reflex of more than — 


80 or 90 beats. On the view, just detailed, that this fatigue has its 
seat at the first synapse m (or Fa) Fig. 19 B, it was thought that more 


prolonged reflexes might be obtained in the following way, advantage 
being taken of ‘immediate spinal induction.’ At each of several, e.g. 
eight, skin points a series of induction shocks is delivered, the shocks of 
each series falling at their point of application so infrequently that at the 
intensity used the series at that point is of itself ineffective to excite 
the reflex. The rate in several of my observations was 18 shocks per 


10 secs. But the stimuli thus delivered at each of the eight skin points 


Fig. 23. The scratch-reflex evoked by faradic stimulation in such a way as to obviate 
local fatigue. The whole reflex of which the figure shows only the first, part included 
a series of 434 beats. The lowest line on the tracing records the delivery of the 
exciting shocks (double shocks); the next line marks time in seconds, the line third 
from below is the signal marking the duration of the stimulation, 
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when taken together for all the skin points asa group succeed each 


other at the rate of 144 per 10 secs., and are arranged: at fairly equal 
intervals. The skin points at which the eight needle-clectrodes are 
applied are chosen so as to lie each about 4 per cent. from the nearest 
other one. By positive spatial induction there occurs summation of the 
eight subliminal series to a series which is supraliminal for the reflex. 
The result of this arrangement justified the expectation mentioned. 
Scratch-reflexes of much longer exemption from fatigue are thus 
obtained (Fig. 23). Some of the reflexes possess series of between 400 


and 500 beats. There is here a marked difference from the cell of 


Malapterurus, which yields a series of at maximum only five reflex beats. 
With experiments of this form a curious result was met. The series 
of beats elicited is apt to end not gradually with irregularly enfeebled 
and very sluggish beats, but abruptly with the sudden occurrence of 
three or four terminal beats not particularly marked by characters of 
fatigue. Also, in the course of the long series of beats places of decrement 
and of some slackening tend to occur, but are recovered from without 
any full cessation of the reflex. Further, when cessation has actually 
occurred, if the stimulation although no longer evoking any reflex 
response is persisted with and maintained unaltered, the reflex response 
will after a varying interval in my observations from 20 to 70 secs. 
suddenly reappear and without bearing traces of fatigue. The reflex 
will then continue for it may be 400 beats or more, again abruptly to 
disappear, and later suddenly reappear, and again without obvious 
characters of fatigue. In this form of experiment I have on one occasion 
applied the stimulus unbrokenly for as long as twelve minutes (the 
recording paper then giving out) and in that time have seen seven 
reflexes with long series of beats recur, abruptly subsiding and abruptly 
reappearing, the last reflex exhibiting 362 beats and still showing none 
of the ordinary features characterising the ‘local fatigue’ before de- 
scribed. That the induction shocks were actually applied throughout 
was certified by their registration on the tracing, as in Fig. 23, The 
mode of subsidence of the exhibitions of the reflex in such records 
seems to resemble the mode of subsidence under inhibition. 
‘Fatigue’ of the scratch-reflex occurs earlier with weak excitation 
than with strong, a result that at first sight seems paradoxical ; Fig. 24 
illustrates this. The reflex which had ceased to be elicited by the stimulus 
A was then provoked by increasing the intensity of the ‘stimulus 
upplied by the same electrode as delivered A and at the same skin point. 
The rate of delivery of the induction shocks remained unaltered but their 
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intensity was increased. The electro-magnet (top line in the figure) shows 
the time and duration of the increase of current in the primary by marking 
larger excursions. The threshold-value of stimulus for the reaction as 
it rises during the course of the reaction, evidently rises above the value 
of the weaker stimulus, but the reaction has still a threshold-value of 


Fig. 24. Fatigue in the scrateh-reflex. The duration of faradic excitation is marked 
above by the broad white line given by the excursions of the electro-magnet with the 
rapidly repeated current interruptions. The duration of increased intensity of 
the stimulus is recorded by the still wider excursions of the electro-magnet when 
its actuating current was increased by removal of 5 ohms from the primary circuit. 
Time below in secs. 


stimulus which the value of the more intense stimulus exceeds, In 
other words the decline of the reflex under the weaker stimulus is 
relatively to the production of the motor-discharge greater than under 
the stronger stimulus. 


IX. sHock. 


leit on transection of the cord there ensues in the reflex- 
arcs behind the transection the well-known depression of reaction 
termed ‘spinal shock,’ This affects. the scratch-reflex more than the 
knee-jerk, the flexion-reflex, or even than the ‘ extensor-thrust.’ From 
it the scratch-reflex emerges slowly in the course of weeks or months. 
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Its time of emergence is in my experience variable. The reflex is at 
first obtainable only by mechanical stimuli; later as it improves it 
_ becomes amenable to electrical. The character of the reflex when 

obtained in this period is seen in Figs, 25 and 26. The latent period 


Fig. 25. 26.0 

Fig. 25. The scratch-reflex in ‘spinal shock.’ The reflex was inelicitable by faradisation. 

The time-marker marking fifths of seconds is employed also as signal, and signals the 

duration of application of the mechanical stimulation. The irregular beats, long 
latency, and imperfect elicitability of the reflex are seen. 


Fig. 26. The scratch-reflex under ‘spinal shock.’ Similar to foregoing but with the 
reflex in a deeper state of depression, and under stimulation of a skin point that 
would give the ‘high’ form of the reflex. The reflex soon lapses altogether although 
the stimulation is continued. ; 

is longer than normal, the reflex-response rapidly tires out, the rhythm 

and amplitude of the beats are irregular, and the beats are sluggish. 

The instances figured were obtained by the most favourable form of 

stimulation, namely, the mechanical, and the stimulation applied 

vigorously during the whole time signalled by the ‘2” time-marker. 
‘Spinal shock’ has often been regarded as a phenomenon of inhibi- 

tion (Goltz and others) ; the character of the scratch-reflex under such 

shock seems to me to resenible that impressed on it by ‘fatigue’ rather 
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than inhibition. The spinal centre seems in a state comparable with 
a general fatigue. This similarity between the condition of shock and 
of fatigue, the latter being as said above probably referable to alteration 
in the synapsis, seems conformable with v. Monakow’s' explanation of 
shock as due to a ‘ diaschizis’ in the neurone-chains. 


_X. -APASTHESIA AND THE SCRATCH-REFLEX. 


_ The scratch-reflex persists after severance of the afferent spinal roots 
of the scratching limb itself. This observation is based on the following 


experiments. In each of six dogs a spinal transection in the posterior — 


cervical region was made under deep anwsthesia; time was then 
allowed—about three months—for emergence of the scratch-reflex 
from shock. Afferent roots of the spinal nerves of the right hind- 


limb were then again under chloroform severed with aseptic pre- 


cautions. In two dogs the afferent roots cut were 2ud, 3rd, 4th, 5th 
and 6th lumbar. On the day following this operation the scratch-reflex 
was inelicitable either side. In a fortnight it was fairly brisk, especially 
on the left side. It later became as brisk as before the section of the 


roots, and was more brisk on the right side than the left. Complete - 


severance of the above-named roots was ascertained post mortem. In 
one dog a similar operation was performed with similar result, and 
a further severance of roots, which proved to be the 8th and 9th post- 
thoracic, was carried out later. The scratch-reflex reappeared after a 
short absence subsequent to this latter. In this case therefore all the 


roots of the. limb were divided with the exception of the 7th post- — 


thoracic, which is a large one. Ina fourth dog the procedure was as in 
the last preceding, but at the third operation three roots were severed 
behind the five previously cut. The scratch-reflex was little interfered 
with, even temporarily, It was more brisk on the side of the divided 
roots (apesthetic) than on the opposite. Its frequency and vigour were 
fully up to normal, and it was one of the most regularly excitable 
instances of the reflex that we have ever had in the laboratory. It 
was less rapidly subject to local fatigue; unipolar faradisation by a 
stigmatic electrode frequently excited reflexes of 150-180 beats. It was 
noted that from a small patch of skin at the buttock reflexes of the tail 
could be elicited; at the post-mortem examination the three roots 
severed at the last operation were found to be the 10th, 8th and 7th post- 


1 Ergebnisse d. Physiologie, Bio-physik. 1 Jahrg., p. 563. 1902. 
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thoracic, the small 9th root having been missed. Suspecting some 
mistake in the root division I two days before destroying the animal 


. severed under chloroform narcosis the hamstring nerve’ at its exit from 


the sciatic notch; this must have cut any contribution of the afferents 
from the flexor muscles of the knee which the uncut 9th root may have 
permitted. The scratch-reflex still persisted, though modified and 


reduced in its flexion, no doubt owing to the section of the motor 


nerves to the direct knee-flexors. In a sixth dog after the spinal- 
transection and the recovery of the reflex the afferent roots of the 
4th, 5th, 6th, 7th and 8th post-thoracic nerves of the right side were — 
under chloroform anesthesia severed. The scratch-reflex reappeared 


after this, and as in the other cases became rather more brisk on the 


apesthetic sidé than on the opposite. Its characters both to inspection 
and in graphic records resembled the normal spinal reflex. 

From this I conclude that the scratch-reflex is not set aside nor 
even obviously altered by severance of the afferent nerves of the 
scratching limb itself. The execution of the scratch-reflex seems 
therefore not dependent on or obviously influenced by centripetal — 
impulses from the muscles that are themselves the field of the reflex 
contraction. H. E. Hering’ similarly found the ‘ wisch-reflex’ of the 
frog, little or not appreciably altered by severance of the afferent spinal 
roots of the limb that itself executes the movement. 


XI. THE SCRATCH-REFLEX AS AN ADAPTED REACTION. 


In the spinal dog the scratch-reflex, although vi gorous, prompt, 
and easy to elicit, yet fails to effect the object for which it seems 


_ obviously adapted, namely to scratch the skin whose irritation evokes it. 


The scratching paw is, as said above, directed roughly toward the point 
irritated, and if that point lie farther headward the paw is carried 
farther headward, if farther backward is brought farther backward, and 
so.on, But the point irritated is in my experience never actually 
reached. Not only that but in many instances the scratching paw does 
not reach the receptive field of skin anywhere. By laying the animal 
gently over so that the weight of the limb tends to help its flexion, 
and then eliciting the reflex it may be contrived that the scratching 
paw does.reach the receptive skin field, though not usually at the point 
first irritated. The reflex then supplies its own stimulus, and, since 


1 Archiv f. exper. Pathol. u. Pharmak., Leipzig, Xxxvill. p. 266. 1896. 
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the paw wanders a good deal in its contact with the receptive skin from 
moment to moment, the total reflex resulting is sometimes very pro- 
longed, although irregular (Fig. 27). 


Fig. 27. The seratch-reflex initiated by an electrical stimulation and then self-maintained 
by the excitant action of the scratching foot on the receptive skin field. Time below 
in }th secs, The signal line marks the duration of the electric stimulation. 


The reflex is presumably adapted to act against the parasitic 
life which makes the hairy coat a habitat. It is. difficult to judge in 
what way and to what extent the scratching movement avails 
against the attacks of parasites. I have been quite unable to satisfy 
myself that the movement really combs the parasite out. It may 
be that the movement causes some reflex in the parasite which 
inhibits the insect from biting further. Also it seems probable 
that the scratching allays the irritant sensation in the attacked skin. 
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The tickling touch yielded markedly by the skin near the ale of the — 
_ Rose in ourselves is rapidly allayed by rubbing the skin there. v. Frey? 
suggests this tickling is brought about by vaso-motor changes induced 
by the touch. It may be supposed that in the dog the cutaneous nerve- 
endings which acting simply as receptive organs evoke the scratch-reflex 
evoke as sense-organs sensations of an itching kind. Since there is a 
general correspondence between a reflex reaction and a sensual reaction 
when both are induced through one and the same receptive apparatus, 
a broad likeness may be taken to hold between the reaction of the 
scratch-reflex and its concomitant itching sensation, although the latter 
is probably not so rhythmic. A salient feature of the scratch-reflex 
when studied as a purely spinal reaction is the rapidity with which 
it subsides and wears out, the above-mentioned ‘local fatigue.’ It 
does not seem strained to imagine that with the subsidence of the 
reflex its concomitant itching sensation also subsides. The ‘ fatigue’ 
which, as was shown above, there seems reason to posit at the first 
synapse would in that case not only bring about subsidence of the 
reflex movement but might also cure the irritation which excited 
that reflex movement if the same or a similar synapse joined the 
cerebral path. 

: It is not obvious why so extensive a reflex mechanism should exist 
for suppressing these cutaneous irritations, which though doubtless — 
frequent are not very intense and might be supposed of little relative 
importance to the organism. Viewed broadly the scratch-reflex is but 
one example of a widely spread class of reflex reactions that are adapted 
_ to preen and preserve from irritation the tegumental surface. Other 
examples of the class are the cleansing movements of the ‘spinal’ fly 
and grasshopper and crayfish, etc., the ‘ wisch-reflex’ of the spinal frog, 
the ‘nettoyage’ of the tortoise (Bickel)*, the ‘shake-reflex’ of the 
spinal dog, the panniculus carnosus reflex of the horse, and the con- 
junctival reflex also, in the broad sense a segmental skin-reflex. One 
advantage probably secured by these reflexes is the freeing of the 
- receptive surface from insignificant stimuli, and thus keeping it a 
clean slate, so to say, for fresh stimuli to write on. When then a 
significant stimulus does arrive its excitation ensues unconfused with 
concomitant registration of multitudinous other excitations of little 
or no significance to the organism. : : 


1 Sitzungsb. d. k. Siichs, Gesellsch. d. Wiss. 2. Leipzig. 1894. 
2 Rev. méd. d. 1. Suisse romande, Geneva. 1897. 
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OF CONCLUSIONS. 


. o In the scratch-reflex a spinal mechanism replies rhythmically, 
with little variance of rhythm, to stimuli whether constant and 
continuous or rhythmic. With rhythmic stimuli the frequency of the 
rhythm of the stimulation is immaterial to that of the reflex so long as 
the stimulation is able to excite the reflex at all. 


£ There i is, therefore, rhythmic recurrence. of refractory phase i in 
the reaction of the scratch-reflex are. The rate of recurrence is on the 
average about 4°8 times per sec. in the spinal dog. 

-$.. The refractory phase is profound: in its degree of refractoriness ; 


80 > far as -tried, sons even the most intense altogether fail to break it 
down, 4 


swimming-beat of Medusa—and the rhythmic action of the heart. But 
_ the scratch-reflex does not present the ‘all or nothing’ phenomenon. 
On the contrary it presents in high degree the feature—little present in 


certain spinal reflexes and denied to spinal reflexes in general by various 


authorities—of graded intensity of contraction in response to graded 
intensity of stimulus. 


5. The efferent ‘isin of the reflex is knit together intra- 
spinally go as to form a fairly unitary whole. Hence a reflex employing the 
full intensity of action of the efferent mechanism can be discharged by 
excitation of any single spot in the receptive field, subject only to the 
reservation that the threshold value of stimulus is not the same for all 
points in the receptive field. Hence, further, stimuli applied at separate 
points in the field exert not only a summed action, but a mutual 
influence of facilitation and reinforcement the one on the other. The 
element in the reflex are in which this summation and ‘ bahnung’ have 
their seat is probably the internuncial neurone (Pa, Fig. 19). 


-6.. The refractory phase has its origin in an intraspinal mechanism 
_ between central end of afferent (receptive) neurone and central end of — 
efferent (motor) neurone. Probably this mechanism is the descending 
propriospinal neurone Pa (Fig. 19) internuncial between Sa and FC or 
the synapse between Pa and FC. 


7. Each such internuncial neurone seems to receive ici from 


many receptive neurones, and to be common to receptive neurones, not 
_ only of one spinal segment, but of several. 


4. In the above characters the scratch-reflex closely resembles the 
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_. 8 The final efferent neurones (motor root neurones) engaged in 
the rhythmic discharge of the reflex seem all of them open to impulses 
from all the receptive neurones in common. Both the internuncial and 
the final efferent paths are therefore ‘common paths,’ but the final path 
exhibits a higher degree of community than the internuncial. 


9. The receptive skin-field of the scratch-reflex is an area of origin 
of reflex-arcs (scratch arcs) the mutual relation of which, one to another, 
is that of ‘allied arcs,’ that is, their reactions exhibit harmonious, 
. facilitating and reinforcing relationship in regard to a ‘final common 

10. The scratch-reflex as elicited from one part of the receptive 
field is not fully the same as when elicited from some other part of the 
field. The scratch-reflex is therefore really a reflex type comprising 
individual reflexes of more or less close similarity. The greater the 
likeness between any two of the component reflexes the greater the 
mutual facilitation and reinforcement exhibited between them. _ 


11. The receptive field of a reflex, e.g. scratch-reflex, offers to stimuli 
- @ threshold which is of very different value at different parts of the 
field. The absolute values vary much even from day to day in 
the same spinal animal, but the relative values are much less variable. 


12. The scratch-reflex when evoked from any single spot in the 
receptive field rapidly subsides even under continued application of 
the stimulus. This subsidence may be regarded as a form of ‘fatigue’ : 
it is a phenomenon of localised distribution, being closely restricted 
to the particular reflex arcs arising in the spot of skin actually under 
excitation. 

18. This fatigue is not referable to the internuncial and final 
efferent neurones of the reflex-arc. Analysis points to its being due to 
changes at the junction between the afferent neurone and the inter-— 
nuncial neurone, that is, to alteration in the synaptic membrane of the 


first synapse, ¢.g. oe (Fig. 19) of the reflex-arc. 
14. By exciting the reflex discharge by slight stimulation of a 
number of different receptive neurones the ‘fatigue’ should be avoidable 
and more prolonged reflex discharges be obtainable: experiment finds 
this to be the case, and reflexes exhibiting series of 500 beats result. 
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15. The ‘after-discharge’ of the reflex is rhythmic and characteristic, 
_ though not so extensive as in some reflexes. It increases with intensity 
_ of the reflex reaction, e.g. under intense stimuli. Fatigue diminishes it : 
so also does ‘spinal shock.’ 


16. The latent time of the scratch-reflex is relatively to that of several 
other spinal reflexes peculiarly long. Its duration is shortened by 
intensifying (or, with a rhythmic stimulus, increasing the frequency of) — 
the stimulus. Its duration is lengthened by weakening the stimulus, 
and under fatigue, and ‘ spinal shock.’ 


17. ‘Spinal shock’ as judged from the scratch-reflex resembles 
a deep general fatigue rather than a condition of inhibition. 


18. The severance of the afferent roots of the scratching limb itself 
far from impeding or impairing the scratch-reflex renders it more — 
and leaves it unaltered in rhythm. 


19. In the ‘spinal’ dog even with the best recovery of the reflex 
in regard to facility and intensity of excitability, its accuracy in the 
directing of the foot to the irritated point remains extremely defective. 
This ataxia in regard to ‘local sign’ seems traceable less to defective 
adjustment of the clonic component of the reflex contraction than to 
_ that of the tonic component. 


20. It is not clear how the scratch-reflex considered as an adapted 
reaction arrives at relieving the sentiept surface. It acts perhaps by 
causing rapid and brief lasting local extinction of the responsiveness of 
the surface at the seat of irritation. 


21. A: rhythmic crossed stepping-reflex is elicitable by faradic 
stimulation of the hind foot of the spinal dog : the rhythm of this reflex 
is about twice as slow as that of the scratch-reflex. 
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ON THE CONDUCTED DISTURBANCE IN MUSCLE. 
By KEITH LUCAS. (Four Figures in the Text.) 


(From the Physiological Labokatory, Cambridge.) 


CoNsIDER a muscle MM’ (Fig. 1), made up of fibres reaching from M 
to M’, stimulated with an effective stimulus at 8, In consequence of — 
the stimulus a change of form takes place in the muscle, not only at A, 
which is in the neighbourhood of §S,, but also at B, sonal is more 

remote from | 


Now the measurements made by Aeby™ and others of the time 
relation between the change of form at A and that at B have made it 
evident that the disturbance which travels from S, over A and B does 
not travel over ordinary nerve fibres; whence it is concluded that the 
disturbance must travel over some part of the muscle itself. In this 
paper I propose to enquire experimentally whether this disturbance 
does, or does not undergo a change of intensity in its course over the | 
muscle. 

It has been shown by Biedermann™ (and the observation is - 
confirmed by Overton” and by Hartl%), that, if the portion of 
muscle lying between A and B be suitably treated with water, a 
change of form may take place at A and at B in answer to a stimulus 
at S,, though there is no change of form in a part of muscle lying 
between A and B. The absence of change of form from the part of 
muscle lying between A and B shows that it was not the neighbourhood 
of the change of form which served as the exciting cause for the point B. 
Moreover these observers have shown that in their experiments there 
was no spread to B of the external change of physical conditions used 
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as stimulus at S, So that it becomes evident that some disturbance, 
other than the change of conditions serving as stimulus at S,, and other 
than the actual change of form, has travelled over the muscle from S, to 
B, and caused the change of form at B. 

Consider next a single muscle fibre mm’ (Fig. 2), stimulated at 5, 
with resulting change of form at a and at 6, and let a be so remote — 
from s, that the change of conditions serving as stimulus at s, does not 
spread sufficiently to serve as an effective stimulus at a (or at 5). 


Fig. 2. 


It is then reasonable to suppose that a disturbance similar to that 
which caused the change of form at B in Biedermann’s experiment is 
the cause of the change of form at both a and 6. Let that disturbance 

be represented by e at a and by ¢’ at b, We have to enquire whether 
e=é. 

We know of no means by which a direct measure of the intensity of — 
the conducted disturbance may be obtained. The change of electric 
potential which sweeps over a stimulated muscle cannot, of course, any 
more than the change of form, be taken as a direct measure of the 
conducted disturbance. We know only that the electric change, like 
the change of form, accompanies the conducted disturbance; and it 
may well be that the relation between either of these changes on the 
one hand and the conducted disturbance on the other is a variable one, 
dependent on the local conditions existing at any point on a muscle 
fibre. (Throughout this paper the expression ‘ wave of excitation’ has 
been purposely avoided, and the expression ‘ conducted disturbance’ has 
been substituted, for fear of confusion with Bernstein’s ‘ Reizwelle’®, 
a term which he applied to the electric change.) In the absence then 
of a means of measuring directly the conducted disturbance, we have to 
consider what is known of the relation between the conducted dis- _ 
turbance and the resulting change of form, for the latter is easily 
measured. 

Now the only statement which can with safety. be made about the 
relationship between conducted disturbance and change of form is, that 
if a change of form is present at any- point not directly stimulated on a 
muscle fibre there has reached that point a conducted disturbance, and 
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that if, other conditions being equal, the change of form at that point 
is found to be altered in magnitude, then the conducted disturbance 
reaching that point must also have undergone alteration’. We cannot 
assert that, even under like conditions, the conducted disturbance is 
absent if the change of form is absent, or that the conducted 
disturbance is unaltered if the change of form is unaltered. For it may 
well be that the conducted disturbance first appears in answer to a 
stimulus which produces no change of form, and continues to change in 
intensity with increase of the stimulus even after the change of form 
has reached its maximum. 


Even when other conditions remain constant then we have only the ~ 


slenderest knowledge of the ‘relation between conducted disturbance 
and change of form. And there is reason to suppose that the 
magnitude of the change of form at any point is determined not only 
by the conducted disturbance which reaches that point, but also by the 
local conditions there existing. For experiments made by Boruttau © 
and by Verwej”, as well as the experiment of Biedermann™ already 
quoted, have shown that, if a local alteration of conditions be made 
over a small part of a muscle’s length, the change of form produced by 
a conducted disturbance will be more profoundly modified within that 
altered part than in the part of muscle which the conducted disturbance 
subsequently reaches. This effect might, at first sight, be set down to 
the conducted disturbance having undergone in the altered part of 
musele a modification, from which it to some extent recovered on passing 
into the more normal part beyond. But Boruttau” has observed that, 
while the change of form in the altered part of the muscle undergoes a 
modification both of magnitude and of time-relations, that in the 
unaltered part beyond is modified in its magnitude only. This 
qualitative difference between the two parts of the muscle inclines us 
_ strongly towards the view that within the part of muscle directly 
subject to change of conditions the relation between conducted 
disturbance and change of form has been changed. Of this there is as 
yet no direct proof, but there are indications enough to prevent us from 
assuming that the change of form at any part of a muscle fibre is 
constant under all conditions as long as the intensity of the conducted 
disturbance reaching that point remains constant. 


1 ‘There is nothing to be gained by defining the direction of change of the conducted 
disturbance in terms of greater or less, seeing that we are ignorant of its nature. It is 
simpler to define the direction of change in terms of the greater or less magnitude of the 


- resulting change of form. 
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For convenience of reference the relation between conducted 
disturbance and change of form may be expressed, for a section of a 
muscle fibre, in the following terms. Let h be the greatest thickening 
(linear expansion) of the fibre on, the section a (Fig. 2); let e be the 
conducted disturbance reaching «; let v be a variable determined by 
the conditions at a; and let f be the function relating h to e and v. 


Then at a, h =f 0). 
And similarly at b h’ =f (¢, v’). 
Now our object is to determine whether the conducted disturbance 


changes in its passage from a to 6, that is, whether e=¢. If we. 


measure / and h’, any observed difference between them cannot be set 
down to a difference between e and é, unless it is certain that v=v’. 


And this is by no means certain when hf and h’ are measured at 


different points on the muscle’s length. For we know that the relation 
between stimulus and change of form in a muscle varies at different 
points along the muscle’s length (Kiihne)®, and consequently we must 
not assume, without further knowledge, that the relation between 
conducted disturbance and change of form is alike at any two points. 
A method similar to the comparison of h and h’ was used by 
Engelmann™ in his experiments on conduction in the ureter, and 
later he applied the same to skeletal muscle, He stimulated a 
muscle at one point, and measured the resulting contractions at two 
parts, one of which was more remote than the other from the seat of 
stimulation.. He then spoke of the ratio between these two contractions 
as the coefficient. of conduction (Leitungs-coefficient). A similar 
method was used by Rollet™. The possible inequality of v and v for 
any fibres in the parts where contraction is measured renders this 
method unsafe for the detection of a change in the conducted disturb- 
ance. And apart from this source of error which would be present even 
if we could experiment with a single fibre there is the experimental 
difficulty, incidental to the use of a many-fibred muscle, of ensuring 
that the two parts of muscle whose changes of form are measured are 
of equal size. For, if the shortening of small parts of a muscle’s length 
are to be recorded, it is almost impossible to attach recording levers to 
the muscle securely enough for quantitative measurement without 
inflicting considerable injury; while if the thickening of the muscle is 
used as the measure of contraction, we are met with the difficulty that 
muscles vary in thickness at different parts of their length, even such a 


regular muscle as the sartorius of the frog being thicker and narrower 
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near its pelvic end, thinner and wider near its tibial end. For these 
reasons the comparison of contractions at two parts of a muscle’s length 
is not a method suited to our purpose. 

Bernstein™ made a somewhat similar experiment. He stimulated 
with like stimuli at two points at different distances from a single point 


at which contraction was measured. This method cannot be taken to 


prove whether the conducted disturbance undergoes a change in the — 
course of conduction, since the unlike excitability (Ktihne)® of the 
two points of stimulation may lead to an inequality of the conducted 
disturbances starting from those points. And, if this is so, the 
inequality of those disturbances, when they reach the point where 
contraction is measured, cannot be set down to changes wales they 
have undergone in the course of conduction. 

The precautions to be observed in devising an experimental method 
of detecting changes in the intensity of the conducted disturbance are 
therefore these. Even in a single fibre we can assert that two 
disturbances are unequal only if they are found to produce unequal 
changes of form under like conditions in one and the same part of the — 
fibre. Also two disturbances can be asserted to be equal, in consequence 
of having been produced by equal stimuli, only if those stimuli are 
applied under like conditions to one and the same part of the fibre. 

These conditions might be satisfied if we could start a disturbance 
travelling along a fibre, could note the change of form which it produced 
on a section (a) of that fibre, could then allow it to travel to a further 
section (6), and there cause it to turn back upon itself and, returning, 


‘to produce a second change of form at a. If this could be done we 


should compare on a single section (a) the changes of form produced by 
the same disturbance before and after conduction. It does not appear 
impossible to bring this about in the following way. 

Let A be first measured at a, and h’ at b, and let a second disturb- 
ance then be caused to return in the opposite direction over 6b and a, 
this second disturbance having at 6 an intensity equal to that which 
caused fh’ at b. This second disturbance may then be regarded as 
though it were the original disturbance, which had started from a, 
reached b, there turned back upon itself, and so returned toa. At a the 
magnitude ofthe change of form produced by the returning disturbance 


may then be measured (let this be called A”), and any inequality 


observed between A and h’” may be set down to alteration which the 
conducted disturbance has undergone in its passage over the distance 
aba. It will be observed that this method, besides avoiding the error 
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due to inequality of v and »’ in the single fibre, will, if applied to the 
many-fibred muscle, also avoid the difficulty of ensuring that the two 
parts of muscle whose contractions are cornpared are of equal size. We 
may write for the case in which the disturbance returns over 6 and 
a,atb, | 
h'= f(e',v’) 


at a, »). 


The whole experiment may then be written as follows : 


at a, . at b. 
h=f(e,v) —-—> h’'=f(e,v’) 
f v) =f (e", v’). 

The arrows indicate the direction of conduction. : 
But before this method can be accepted two points must 
considered, Is the change of form at a given point independent of the 

direction in which conduction is going on? And how can the equality 
of the two disturbances at b, that is, the condition ¢& =¢’, be secured? 
On the first of these points there is no direct experimental evidence. 
Nor indeed would it seem that there can be, so long as the conducted 
disturbance can be measured only in terms of the change of form which 


it produces. For the present it must remain a pure assumption. 


To the second question, how the equality of e’ and ¢” can be secured, 


_it is impossible to find a more definite answer. The mere fact that 


h’ and h” are made equal does not necessarily prove that ¢ =e”. For 
it is conceivable, as has already been observed, that the conducted 
disturbance may eontinue to increase, with increasing strength of 
stimulus, after the consequent change of form has reached its maximum 
value; so that many values of e” might correspond to a single value of — 
hk”. But, as far as the present experiment is concerned, our only object 
is to secure that the value of h’” shall be that which would be produced 
if e” were equal to ¢. Now, on the assumption that the direction of 


_conduetion is negligible, we may assert that, other conditions being 


unchanged, if ¢” were equal to ¢’, then h” would be equal-to h’, and the 
disturbance e” travelling from b to a would at the latter point assume 
a certain value ¢”’, and would produce a certain change of form h’”. 
This case, in which e” = ¢’, 18, however, conceivably only a special case 
of the equality of h” and h’. It may be that the stimulus used to 
produce h” can be wrongly chosen, so that ¢’ will not be equal to ¢, 
though h” =h'; and then perhaps h” will not have the same value as it 
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would have if ¢” were actually equal to ¢. But if it can be shown 
experimentally that, as long as h” is made equal to h’, so long the value 
of h” remains unchanged, no matter what the strength of stimulus 
used to produce h”, then the only condition which need be satisfied for 
experimental purposes will be, that h” be made equal to h’; for, this 
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Fig. 3. A. Part section showing # recording-lever (L) resting on the muscle (I). The 
mirror (8), through which a beam of light is focussed on to the recording surface, is 
carried on the axis (X) of the lever. The part of the lever in contact with the muscle 

is consists of a loop of stout platinum wire. The lever gives a magnification of 15 times 

: on the record. The trough (7’) contains Ringer’s solution (R). 


B. Part section showing a pair of stimulating electrodes. The ivory bridge (B) 
carries two platinum wires (P, P) which are in contact with the muscle (M). Outside 
the trough they dip into troughs of mercury (H, H), which are in circuit with the 
secondary coil of the induction apparatus. When the muscle contracts the electrodes 

cH move with it, for the ivory bridge can rock on the edges of the trough (7), and the 
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condition being satisfied, the value of h’” will sien be that which 
would be obtained if ¢” were equal to e’. 


The following experiments were made to settle this point, namely, 
_ whether to a fixed magnitude of change of form produced at one point 
on a muscle’s length there will correspond, at a second point more 
remote from the seat of stimulation, a fixed magnitude of change of 
form, no matter what the strength of stimulus by which the former was 
produced. A curarised sartorius of the frog was laid upon a flat glass" 
plate, and was covered with Ringer's solution to a depth of about 5 mm. 
Two recording levers were arranged to record, by the photographic 
method, the thickening of the muscle on two cross sections, as at 
A and B in Fig. 1. The actual distance AB between the two levers 
was about 8mm., but the muscle was allowed to lie in loose folds 
between A and B, so that it might not move under the levers on 
contraction. The length of relaxed muscle between A and B was about 
15 mm. Two pairs of electrodes were arranged for stimulation, one 


between A and M, as at S, (Fig. 1), and one between B and WM’, as at S, 


(Fig. 1). Each pair of electrodes consisted of two platinum wires, which 
pressed upon the muscle from opposite sides, the pressure being just 
sufficient to prevent relative movement between the muscle and the 
electrodes. The arrangement of recording levers and electrodes is shown 
in Fig. 3. 

An experiment consisted in sending in ‘hinnah one pair of electrodes 
a series of increasing break induction shocks at intervals of one minute. 
The thickening of the muscle, on the two sections on which the levers 
rested, was recorded for each shock sent in. This series of increasing 
stimuli was carried on for some time after the muscle had reached its 
maximum contraction. The photographic records were afterwards 
measured under a magnification of ten diameters by comparison with 
@ glass scale divided to jj, mm., ;45 mm. being estimated. In the 
table below are shown, for each of twelve experiments, the first few 
contractions recorded after that on the section nearer to the stimulating 
electrodes had reached its maximum. In Exps. 1 to 6 the stimulus was 
sent in between the pelvic end of the muscle and the recording levers, 
in Exps. 7 to 12 between the tibial end of the muscle and the recording 
levers. The experiments were made on six geass taken from aiferent 


frogs. 
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Experiments 1 to 12, 


Ni 
1 8-9 om 188 157 
q 3-1 188 153 
| 2 8-6 208 168 
2-9 215 170 
| 22 209 166 
3 5-5 377 212 
4°5 870 209 
3°5 870 209 
2°5 381 211 
15 880 210 
4 2°6 289 248 
18 292 246 
5 4°5 365 253 
3°5 367 245 
2°5 368 242 
6 6°0 338 176 
5°5 337 180 
Number of Coil at 
‘ distance tibial lever (B) pelvic lever (A) 
8°9 cm. 145 159 
31 144 161 
8 3°6 176 210 
2-9 174 211 
2°2 171 210 
9 3-5 204 334 
206 337 
202 331 
10 270 256 
2°6 268 259 
1°8 266 260 
4°5 330 441 
330 453 
2°5 326 
12 55 124 150 
47 124 155 
3°9 120 152 
31 121 152 


It will be observed that, though the strength of stimulus continues 
to increase; the contraction on the section more distant from the 
stimulating electrodes remains constant as long as that on the nearer 
section remains constant. In most cases there may, of course, be seen 
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those small variations (of about 1°/, to 3°/,), which are unavoidable even 
in @ series of successive contractions recorded with a like strength of 
stimulus, In two cases only is there a more divergent observation at 
the distant lever, while the contractions at the near lever remain 
constant within less than 2°/,. These are in Exps. 5 and 11, where the 
contractions at the distant lever vary within about 45°/, and 3'3 °/o 
respectively. But even these divergences are not greater than the 
chance variations to which such experiments are subject. It is safe to 
conclude that, under otherwise constant conditions, to a constant change 
of form on one cross section of a muscle there will correspond on another 
cross section a change of form constant within small limits, even though 
the strength of stimulus used to produce the former be varied. In order 
then to produce a change of form h” equal, within small limits, to that 
which would be produced if e” were equal to ¢, it will be necessary to 
ensure only that h” =h’. 3 

Now the method here elaborated for the detection of changes in the 
conducted disturbance applies to the expansion of a single muscle fibre. 
In practice it is scarcely possible to deal with a single fibre. It is 
therefore necessary to consider what will be the relation between the 
recorded expansion of a many-fibred muscle and the expansions of its 
single fibres. If the increase in sectional area on any section of a muscle, — 
whose fibres contracted simultaneously, could be recorded, this increase 
would obviously be the sum of the increases in sectional area of the 
individual fibres occurring in that section. But the mechanical 
difficulties of making such a record would be great, and for the purposes 
of this investigation we need to know only whether in two successive 
contractions the sum of the expansions of the active fibres does or does 
not remain constant. And this can be effected with accuracy enough 
by recording the movements of a lever which merely presses upon one 
surface of the muscle on a line crossing the fibres transversely. For 
_ with this arrangement the expansion of the muscle, in a direction at 
right angles to the fibres and parallel to the surface on which the 
recording lever rests, is limited by the connective tissue which binds 
the fibres together. The pressure exerted by the recording lever will 
cause the muscle, made up as: it is of fibres which are easily distorted 
by pressure, to expand in that direction until the resistance of the 
connective tissue is met. And any fibre in the section will, on 
contracting, meet with resistance in that direction, and consequently 
will exert a pressure in a direction at right angles to the lever. In this 
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way it can be seen that the upward movement of the lever will increase 
with any increase in the number or in the expansion of the active 
fibres. 

This method will therefore serve for comparing two contractions as 
long as all the fibres expand simultaneously under the recording lever. 
But a simultaneous contraction of all fibres cannot be postulated for any 
muscle, seeing that the individual fibres may well differ in their latent 
period, their rate of conduction, and their rate of contraction. And, if 
this is so, then any fibre may contract before or after the expansion of 
the section of muscle under the recording lever has reached its. 
maximum, and so may fail to add to the greatest recorded expansion. 
For example, suppose two muscle fibres to produce the time-thickening 
curves A and B (figure 4), whose greatest heights are a and 6. If these 
thickenings occur simultaneously, then the combined time-thickening 
curve of the two will be that shown in C, where the greatest height c is 
equal to the sum of a and 6. But if the thickening B does not begin, 
for example, until A has reached its greatest value, then the combined 
curve obtained may be D, in which the greatest height d is no greater 


Fig. 4. | | 
It is however legitimate, although all the fibres do not contract: 
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simultaneously, to use the greatest recorded expansion as a measure of 
comparison between two contractions, so long as it is certain that such 
differences in the time-relations of the several fibres as may occur 
remain unchanged while the comparison is made. This was the case, — 
for example, in the experiments described above, where the expansions 
compared on each section of the muscle took place under like conditions, — 
in answer to stimuli applied at a constant distance from the section on 
which comparison was made. But as soon as we compare on any section 
of a many-fibred muscle two thickenings occurring in response to two 
stimuli sent in at different distances from that section, then the 
possibility of a difference in time-relations is introduced ; for there may — 
be more or less relative lag in conduction between the several fibres in 
the two cases. Such a difference as this might arise in the proposed 
experimental method of detecting a change in the conducted disturbance, — 
if in a many-fibred muscle the thickening at the point A before con- 
duction were compared with that at A after conduction over the 
distance BA. This difficulty may, however, be avoided if the area of — 
the time-thickening curve, instead of its greatest height, be taken as 
the measure of comparison. For, no matter how the thickenings of the 
several fibres may lag one behind another, the area of the whole time- _ 
thickening curve will remain constant, provided that the time-thickening 
curves of the several fibres are unaltered. For example, in figure 4 the 
area of D and the area of C are each equal to the sum of the areas of A 
and B. 

But in discussing the method of detecting changes in the conducted 
disturbance in a single fibre we have used the greatest thickening as 
the measure by which two contractions may be compared. Will the 
method hold good if the area of the time-expansion curve is taken as 
_ the measure of comparison? Throughout the method comparison is 

made only between successive contractions occurring, under like 
conditions, on a single seetion of the muscle. These contractions can 
have no cause of- difference other than a difference between the 
conducted disturbances reaching the section where they are recorded. 
And the use of the area of the time-thickening curve, in place of its 
greatest height, as the measure of comparison introduces only one new 
factor into the comparison, namely the time-relations of the contraction. 
But it has been shown by Boruttau® and by Verwej that the time- 
relations of a contraction are determined only by the local condition of 
the muscle at the point considered, not by any peculiarity of the 


om 
ay 
id 
a 
4 
; 
t 
{ 
é 
q 


EXCITATION WAVE IN MUSCLE. 


conducted disturbance arriving there. Since then the local conditions 
of the muscle, on the section where comparison of two contractions is 
made, are supposed to remain constant throughout an experiment, the 
_ time-relations of contraction will also remain constant. Any difference 
which may be observed between the areas of two time-thickening curves 
so recorded will therefore necessarily be due to a difference in the 
magnitude of contraction. So that, under the special conditions of our 
_ experiment, it will be legitimate to use the area of the time-thickening 
curve simply as a measure of the magnitude of contraction. The 
formula h =f (e, v) may be replaced by the formula a = ¢ (e, v, w), where 
a is the area of the time-thickeniag curve, and w is a variable deter- 
mined by conditions affecting the time-relations of contraction. Then 
_ we may write for the single fibre, 


at a, (e, v, w) 
and when'the direction of conduction is reversed, 
at b, a” (e”, v', w’) 
ata, a”=¢ (e”, v, w). 


_ Using then the area of the time-expansion curve as the measure of 
the magnitude of contraction in a single fibre, we may apply the method 
of reversal as before. And since it has been seen that the area of the 
time-expansion curve recorded on a section of the many-fibred muscle 
will remain constant when those of the single fibres remain constant, 
and will vary when those of the single fibres vary, the method may also 
be applied to the many-fibred muscle. Now let A and A’ be the areas 
recorded on the many-fibred-muscle at A and B respectively when con- 
duction is from A to B; and let A” and A” be the areas at Band A 
respectively, when conduction is from B to A. Then, since it has been 
seen that for any single fibre if a be not equal to a’”,.when a” is made 
equal to a’, e” cannot be equal to ¢, it follows that if A be not equal to 
A”, when A” is made equal to A’, in some or in all of the fibres a” 
cannot be equal to a, and therefore e”’ cannot be equal toe, An experi- 
ment will then consist in recording first A and .A' at A and B respectively 
with stimulus at S,, then, with stimulus at S,, making A” equal to A’, 
and determining whether A” is equal to. 4. A sample experiment made 
on a freshly curarised sartorius of the frog may first be given in detail. 
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The muscle, after removal from the body, was set up in the apparatus 
shown in Fig. 3. Two recording levers were used, pressing upon the 
- muscle on two lines corresponding to A and Bin Fig. 1. Two pairs of 
. electrodes were placed in contact with the muscle as at S, and 8,. The 
electrodes were connected with the secondary coil of an induction coil, 
a reversing key being used to direct the current through either 8, or S,,. 
The pelvic end of the muscle was in the position M (near 8,), the tibial 
end in the position M’. Single break induction shocks were used to 
stimulate the muscle. It was necessary that the stimulus at S, should 
be made maximal, in order that all excitable fibres should be called into 
activity. For, if this were not ensured, the contraction A” might be made 
_ equal to A’ by the selection by the stimulus at S, of a number of fibres 
other than those which were selected by the stimulus at S,; in which case 
the equality of v’ and w’ for the contractions A’ and A”, as also of v and 
w for the contractions A and A”, could not be asserted, and the method 
would not be strictly applicable. To ensure that the stimulus at S, 
should be maximal, and that A” should be equal to A’, it was found 
necessary to record the contractions at A and B with a series of 
increasing stimuli at S,, and with a similar series at-S,. It could then 
be observed that the contractions resulting from stimulation at S, had 
actually reached their maximal value, and a suitable value of A” could 
be selected from among the contractions resulting from stimulation at 
S, The following table shows the results of an experiment made in 
this way. The stimuli were applied alternately at S, and at S,, but, for 
convenience of reference, the resulting contractions are set down in two 
separate columns. After the experiment had been completed the 
photographically recorded time-thickening curves were projected on to 
a plane surface, with a magnification of 8 times, and their areas were 
measured with a planimeter, each area being read three times. The 
measuring wheel of the planimeter was divided into 100 parts, ry55 of 
a revolution being read by a vernier. The areas are here given to the 
nearest ;4,th of a revolution, since the method is not reliable beyond 
that point. 


1 It was found by the use of a separate muscle-nerve preparation, whose nerve was 
laid on the sartorius near A or B, that the currents used to stimulate at S, and S, did not 
spread sufficiently to excite the nerve at A and B respectively. This precaution, for which 
IT am indebted to a suggestion made by Prof. Gotch, was taken to ensure that the sections 
, not by spread 
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EXCITATION WAVE IN MUSCLE, 65 
Exp. 18. AB=15 mm. Experiment made 1 hr. 49 min. after injection of curare. 


number Area A Area A’ 
1 10°5 om. 26 — 16 
95 29 16 
75 50 83 
9 68 41 
11 55 120 66 
13 45 115 68 
15 113 65 
17 2°5 126 ote 69 
19 15 126 71 
Stimulus applied at S, 
Area A” Area A” 

10°5 17 11 

4 9°5 21 oy 14 

6 20 15 

~ 16 41 80 
10 6-5 85 53° 
12 55 85 iat 58 
14 100 62 
16 100 \ 64 
18 25 104 _ 69 
20 15 111 tian 69 


In the table with stimulus at S, the contraction has practically 
reached its maximum at observation 11, so that the most reliable values 
of A and A’ will probably be obtained if the mean of observations 11 
to 19 is taken. This gives A=120, A’=68. On referring to the table 
with stimulus at S,, we find that the value of A” nearest to 68 is 69, 
which occurs twice. The mean of the two corresponding values of A” is 
107. The whole experiment may then be written, ; 

| At A At B 
120 —> 68 
107 <— 69. 
Or, if observations 17 and 19 in the first table be considered as the 
true maximal contractions, then the experiment will be written, 
126 70 
107 <— 69. 
PH. XXXIV. | 5 
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The first gives the ratio ol as 0°90, the second gives 0°85. And, 
since the value of A” is in the first case slightly too high, in the second 
case slightly too low, the values of A” will be correspondingly too high 
and too low. The true ratio would therefore seem to lie in the region 
of 0°88. The conducted disturbance in this case produces after conduc- 
- tion over ABA a contraction somewhat smaller than it produced before 
such conduction. A second example is given in Exp. 14 :— 


Exe, 14. AB=15 mm. Experiment made 2 hrs, after injection of curare. 


Stimulus applied at 
— 
1 11°5 om. 60 _ 70 
8 110 60 70 
5 10°5 62 _ 73 
7 100 71 . 


Area A” _ Area A” 
2 11°5 50 + 68 
4 11°0 71 
6 10°65 60 71 
8 


In this case the contractions made with stimulus at S, are all 
_ practically maximal, and their mean values are 60°5 —» 71. The 
two contractions of value 71 at B, from the table with stimulus at S,, 
give a corresponding value of 59°5 at A. So we have, 


— 71 
59°35 <«— 7] 
And 


But it is not always possible, as it has been in the two experiments 
quoted, to find from the list of measurements a value of A” equal to A’. 
It often chances that the recorded values of A” fall at some distance on 
each side of that of A’. In this case the correct value of A” must be 
interpolated. For example, consider Exps. 15 and 16, 

From Exp, 15 (observations 9—15) it appears that the mean values 
of A and A’, after the maximal point has been reached, are 26°5 and 24 
respectively. But there is no case in which A” =24. The nearest 
values are 21 and 27 ; and the corresponding values of A” are 22 and 
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81. It is evident then that the required value of A” lies between 22 
and 31; and we have to consider how the nearest approximation to that 
value may be obtained. Now we believe that, as the stimulus at S, 


Expr. 15. AB=16 mm. xperiment made $ hrs. 91 min. after injection of curare. 


Stimulus applied at S,. 
number Area A Area 4’ 
1 10-0 cm. 7 > 7 
9°38 12 ll 
5 17 av 
79 24 22 
9 72 27 — , 
ll 6°5 26 24 
13 58 24 — 28 
15 5-1 29 24 
Sty: hi at 8, 
Area 4” Area A” 
2 10-0 6 a 4 
4 9°83 8 6 
6 8°6 10 
8 79 17 os 16 
10 7-2 22 21 
12 6°5 81 a 27 
14 36 80 


Stimulue applied at S,. 


Coil Direction of 

number distance Area A conduction Area 4’ 
1 8°6 om. 19 and 24 
8 79 23 —_ 80 
5 72 23 —_— 28 
7 6-5 28 — 86 
9 5°8 27 
1l 51 27 34 

Stimulus applied at S, 

Area A” Area A” 
2 93 10 17 
4 86 15 28 
6 79 24 33 
8 72 34 41 
65 87 44 


is increased, fresh fibres are successively brought into action, and the 
increase in the whole contraction at B and Ais due to the added 
5—2 
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contraction of these fibres. If all the fibres composing the muscle were 
alike in their ability to conduct the disturbance set up at 8,, and in 
their ability to contract at each point B and A, in that case for.a 
constant addition made to the contraction at B there would be a constant 
addition at A; so that the contraction at A would increase directly as 
that at B. As a matter of fact there is reason to expect that the . 
several fibres will not behave alike; so that for a constant addition to 
the contraction at B there may be a variable addition at A. But these 
irregular variations cannot be foretold, so that the nearest available 
approximation will be reached, if it is assumed that between any two 
successive contractions recorded the contraction at A has varied directly 


‘ as that at B. An outside estimate of the probable error due to this 


approximation may be obtained by examining how far any values — 
observed in such experiments differ from the values which would be 
calculated on the above assumption. For example, in Exp, 15 we may 
consider how far the observed value 24 (observation 7 at A) differs from 
the value which would have been assigned if observations 5 and 9 had 
alone been made, and the value at A corresponding to an interpolated 
value 22 at B had been calculated. From Exps, 15, 15a, 15b, 15c, 16, 16a, 


16, and 16c, 32 errors being considered, the probable error of a single 


calculated value, as compared with the observed value is found to be 
3°9°/,.. This estimate is of course considerably too high, since it is 
obtained by interpolating between alternate observations, not between 
successive observations. 


By interpolation the results obtained for Exps. 15 and 16 are :— 


Exp. 15. Exp. 16. 
265 —» 24 273 34°7 
24 262 <— 347 


A A 
whence 1:00 whence 0°96. 


Experiments were also made on the muscles used in Exps. 15 had 16 


_ with shorter distances of conduction. The following results were 


obtained. 


1 Of course it is not here implied that in each fibre the contraction at A would be 
equal to that at B, since there might be a loss in conduction, and the local conditions of — 
the muscle at 4 and B might differ. 
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Exp. 15 db. AB=8 mm, Other conditions as in 15. 
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12 
14 


EXCITATION WAVE IN MUSCLE. 
Exp. 15a. AB=12 mm. Other conditions as in 15. 


Stimulus applied at 8,. 


cm. 
9°3 
86 
79 
7:2 
6°5 


Area A 
7 
12 
17 


27 
26 
24 
29 


Direction of 
conduction 


Stimulus applied at Sy. 


10-0 
9°3 
86 
79 
72 
65 
5°8 


Area A” 

6 

10 
17 
22 
81 
36 


| Stumulus applied at S). 


10°0 cm. 
9°3 
79 
72 
6°5 
5°8 
§°1 


Area A 


Direction of 
conduction 


Stimulus applied at Sp. 


Area A” 


16 


69 


he 
2 a 
ERS 
| 
3 
distance Area A’ 
14 
<< 
21 : 
28 
88 4 
39 
85 
40 
: 2 
Area A” 
9 < 9 
6 6 
27 
74 
4 
numbers distance | 
8 12 | 
_ 
5 17 4 
: 11 26 4 
18 24 4 
15 29 
> 
‘4 
“4 
9:3 8 — 
8°6 10 
— 
7:2 22 
5:8 86 — a 
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70 KEITH LUCAS. 
Exr.15c. AB=4 mm. Other conditions as in 15. 


Stimulus applied at 8,. 
Observation Coil Direction of 
1 10-0 cm. 7 
8 9°83 12 14 
5 8°6 17 20 
7 79 24 — 24 
9 72 27 — 27 
11 6°5 26 —_— 28 
18 24 _ 26 
Stimulu lied at 
Area A” Area A” 
4 9°3 8 _ 6 
6 8°6 10 == 8 
8 79 17 16 
10 7:2 22 — 21 
12 6°5 81 27 
14 5°8 36 — 80 
Exp. 16a. AB=12mm. Other conditions as in 16. 
Stimulus applied at- 8,. 
8°6 cm. 19 - 82 
8 79 28 87 
5 7-2 23 87 
7 65 28 
9 27 46 
11 27 45 
Stimulus applied at S,. 
Area A” Area A” 
2 9°3 10 — 22 
4 8°6 15 — 29 
6 79 24 45 
8 72 84 — 60 
10 6°5 87 one 
_ Exp. 16d. AB=8 mm. Other conditions as in 16. 
Stimulus applied at S,. 
Observation 
number Aietance Area A Area 4’ 
1 8°6 cm. 19 — 41 
3 19 23 46 
5 72 23 — 50 
7 28 58 
9 27 62 
11 27 58 
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Stimulus applied at 8,. 
Observation Coil of 
number distance Area A” conduction Area A’ 
2 9°3 10 < 18 
4 8°6 15 —_— 26 
6 79 24 me 39 
8 72 84 _ 54 
6°5 87 — 58 
Exe. 16c. AB=4mm. Other conditions as in 16. 
Stemulus applied at §;,. 
Observation Direction 
number distance Area A conancnion. Area A’ 
1 8°6 cm. 19 a 29 
3 79 23 — 33 
5 72 23 _ 84 
58 . 27 44 
11 27 — 44 
Stimulus applied at S,. 
Area A” Area A” 
eet 9°3 10 <_ 
4 86 15 —_ 26 
79 24 89 
72 34 54 
10 6°5 87 — 58 
‘The reduced results of these experiments are the following : 
a” 
Experiment AB 
15 16 mm. 26°5 —» 24. 
26°4 «<— 24 1°00 
12 mm. 38 
26 ~<— 388 0°98 
15 b 8 mm, 26°5 —» 40 
26-6 <— 40 100 
4mm. 26°5 27°5 
26°4 <— 27°5 100 
16. 16 mm. —» 84°7 
| 26'2 <— 34°7 . 096 
164 12 mm. 27:3 —» 44°7 
44°7 0°88 
166 8 mm. 27°38 —» 59°3 ‘ 
27°6 59°3 101 
16¢ 4mm. 27°38 —» 43 
43 0°97 
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Of the ten determinations of the ratio S- hitherto made eight give 
values ranging between 0°97 and 1:01. In view of the many possible 
sources of error, these results cannot be taken to represent any real 
difference between A and A”. In the fresh sartorius then there is 
often not sufficient difference between e and e” in the fibres to make 
a material difference between a and a”. In other words, the conducted 
disturbance usually produces, after conduction over such distances as 
are here used, a contraction differing by very little from that which it 
produced before conduction, provided that before and after conduction 
it encounters like conditions at the point where contraction is measured. 


But there are two cases in which the values found for £- are 
about 0°88, namely, Exps. 16a and 13. 

Exp. 16a seems to be of doubtful value, since the disturbance, on 
conduction over a greater distance (Exp. 16), does not appear to have 
been sufficiently changed to cause any considerable reduction in the 
magnitude of contraction. But there is no apparent reason for doubting 
the validity of Exp. 13. Let us assume, for the moment, that the 
experiment is reliable, and see to what conclusion we shall be led. If 
the experiment is reliable, then there must be some fibres in which e” 
is unequal to ¢. Is this necessarily due to e having undergone a change 
in the course of conduction? At the outset of this paper it was assumed 
that the muscle J/M’ was made up of fibres running from M to M’. It 
was long ago observed by Ranvier™, that in many muscles this is not 
so. And his observation is verified for the sartorius of the frog by the 
following experiments. Three sartorii of the frog were hardened, trans- 
verse sections were cut, and the number of fibres occurring in a section 
was counted at various points on the muscle’s length. The numbers of 


fibres counted are shown in Experiments 17, 18, and 19. 


17 | 144, 420 
22 449 
80 458 
3 18 15 260 
382 
45 348 
19 7 398 
15 484 
50 462 
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Since the number of fibres decreases as the tibial end of the muscle 
is approached, some fibres, which were active at A after stimulation at 
S,, will not have reached B. And on stimulation at S, those fibres will 
not be thrown into activity. So that the contraction A” will be less 
than it should be by the contraction of those fibres which were active 
in the contraction A, but inactive in the contraction A”. This is an 
unavoidable source of error, which may conceivably account for the 
observed difference between A and A” in Exp. 13. Even then, if the 
experiment is reliable, it cannot be taken as proof that e has in any 
fibres undergone a change during the normal course of its conduction. 


But if e is always equal to e’” in all fibres which do reach from A to 


_ B,and if the difference between A and A” is consequently due solely 


to the failure of some fibres to reach from A to B, then, no matter what 
the conditions at A may be, provided that they remain constant during 
an experiment, the ratio of A to A” will remain within small limits 
constant. For the number of fibres failing to reach from A to B will 


_be constant, and their contraction at A, which is on this assumption the 


sole difference between A and A”, may be expected to bear a fairly 
constant ratio to the contraction of the remaining fibres at A, since any 
change of conditions produced in the muscle at A will affect all the 
fibres. If then it can be shown that by a change in the conditions of 
the muscle a very large change in the ratio £- can be effected, it will 
be proved that in those fibres which do reach from A to B the contrac- 
tion produced before conduction is unequal to that produced after 
conduction, and es - in some of those fibres ¢ is not equal 
to 


Such a large change in the ratio may be in a muscle 


by fatigue. As an example of this fact may be taken Experiments 20, 
20a, and 20b. These experiments represent three determinations made 
upon one muscle, which was fatigued by tetanisation between the 
successive determinations. 
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Exe. 20. AB=15 mm. Experiment made 1 hr. 29 min. after injection of curare. 


Stimulus applied at S,. 
1 12°5 om. 17 a 27 
8 120 14 _ 25 
5 11% 13 25 
7 110 14 _ 26 
9 10°5 15 — 27 
11 100 14 2s 
18 9°6 14 28 
16 9°0 16 30 
17 8°5 16 _ 29. 
80 21 35 
Stimul 
Area Area A” 
2 12°65 8 16 
4 12°0 9 —_— 17 
6 10 20 
8 10 21 
10 105 12 _— 23 
12 10-0 14 _ 28 
14 9°5 16 28 
16 90 17 80 
18 85 20 one 


Exp. 20a. Made 2 hrs. 24 min. after injection of curare. Muscle tetanised for 
15 min. between Exps. 20 and 20 a. 


Stimulus applied at S8,. 

Omarion 
1 9°0 cm. 33 —> 58 
8 85 48 99 

8-0 53 104 
7 75 56 i 106 
9 70 53 ai 102 

Stimulus applied at S,. 
Area A” Area A” 
2 90 30 oe 73 
4 8°5 40 sas 90 
6 80 50 — 106 
75 51 _ 
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5 min. between Exps. 204@ and 20d. 


Stimulus at §,. 
1 8°5 cm. 0 a 0 
8 8-0 17 
5 7% 13 _ 26 
7 70 15 — 30 
9 6°5 19 
it 60 21 
Stimulus applied at 8, 
Area A” Area A” 
2 8°5 5 + 25 
4 8-0 8 36 
6 14 — 51 
8 70 18 _— 53 
10 65 20 54 


The results of these meneriannche are the following, the value of A” 
being found by where necessary. 


Exp. 20. 21 —» 85 Exp. 20a. 56 —» 106 Exp. 20 —» 29 
20°8 <— 35 50 <— 106 6 <— 29 
A” 


As fatigue progresses, s becomes smaller and smaller, - 


until it reaches a value widely neon from that which it had in the 
fresh muscle. It follows that ¢ cannot be equal to ¢” in some fibres. 
It should be observed that the method of reversal here used, though 
accurate when the conducted disturbance undergoes no change in the 


course of conduction, does not necessarily give more than approximate 


values of 4~ when the disturbance does undergo change. For, if the 


disturbance undergoes in some fibres such a change between A and B 
as leads to a reduction of the contraction A’, then the contraction A” — 
may be made equal to A’ by selection of fibres other than those which 


gave the contraction A’; and it is possible that the ratio an may not 


be the same for the-former fibres as it would be for the latter. That 
this source of error is not very serious is indicated by the fact already 
shown above, that no very great error is involved in the assumption 
that for equal increases of contraction at B there: will be equal increases 
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at A. For this assumption is merely another way of stating that “7 
is equal for all fibres. The experiments which follow were made in a 
similar way, and show similar results. 


Exp. 21. AB=15 mm. Exp. made 4 hrs. 10 min. after injection of curare. Muscle 
tetanised 1 min. at 4 hrs. after injection of curare. 


Stimulue applied at 


11°0 cm. 22 42 
8 106 20 46 
5 10°2 24 a 49 
7 98 27 64 
9 9°4 29 ~ 68 
11 90 34 — . 69 
13 8°6 36 70 
15 8°2 88 72 
78 39 74 
19 74 38 71 

Stimulus applied at S, 

Area A” Area A” 
2 11-0 28 

10°6 29 _ 70 
6 10°2 80 74 

8 98 81 72 
10 9°4 82 a 74 
12 9°0 82 73 
14 8°6 74 
16. 82 78 
18 78 86 74° 
20 38 78 


Exp. 21a. Made 8 hrs. 88 min. after injection of curare. Muscle tetanised } min, 
between Exps. 21 and 21 a. 
Stimulus applied at S,. 

1 5°0 om. 

8 

5 

7 

9 

2 

4 

6 

8 

10 


5 
4°5 5 
5 
3°5 6 
5 


Stimulus applied at S,. 


Area A” 


Direction of 
Area A conduction 


50 
45. 
80 
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EXCITATION WAVE IN MUSCLE. 17 
The results of these experiments are : 


Exp. 21. 389 —» 74 Exp. 21 a. 5—> 0 
36 <— 74 0<—7 
A” ‘ A” 


Exp. 22. 4B=15 mm. Exp. ot 
for 7 min. at 1 hr. after injection of curare. 


Stimulus applied at 


} 
3 
bib 


14°0 
«18-0 
125 
12°0 
11% 
11°0 
10°5 
10°0 
. 


Made 8 hrs. 15 min. ie hk et Muscle tetanised for 
between Exps. 22 and 22a. 


Stimulus applied at S,. 


Coil 
distance Area A 


10°5 om. 
10°0 

9°5 

90 «2 

8°0 

75 

70 

65 

60 


Pit 


Observation 
number 

1 
8 . 
5 
9 

1l 

18 

15 

17 

19 


; 
q > 
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Observation Coil Direction of 
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applied at .S,. 
Observation poe Area A” 

2 105 23 31 

4 100 30 _ 40 

6 31 42 

8 90 87 47 

10 85 38 49 
12 80 39 —_ 50 

75 39 49 
16 70 47 _~ ‘87 
18 65 87 
20 60 38 _ 46 


Exe. 220. Made 12 hrs. 26 min. after injection of curare. Muscle tetanised for 


76 
The results of these experiments are : 
Exp. 22. 35°5 44 Exp. 22a. 47-57 Exp. 22b. 29 —» 35 


35°5 <«— 44 47 <— 57 26 <— 35 


The experiments are a continuation of that 
described as Exp. 14. 


Exp. 144. Made 4 hrs. 45 min. after injection of curare. Muscle tetanised for 
30 min. between Exps. 14 and 14a. 


Stimulus applied at &,. 


distance Arn 4@ ‘conduction Area 
1 11:5 41 88 
8 47 41 
5 10°5 49 44 
9 95 58 52 
11 90 58 53 


5 
3 
«yg 
& ~ 4 
4 
1 
Observation Direction of 
& number distance Area A conduction || 
3 1 9°5 cm 22 _—> 
: 
3 90 19 
7 80 29 
9 26 
2 
; Area A” Area A” 
4 
8°5 28 88 
4 8 8°0 80 —~ 38 
~ 
‘ 
‘a & 
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Stimulus applied at S,. 
Coll of 
number distance Area 4” conduetion Area A’ 
2 25 25 
4 110 ~~ 85 
6 10°65 40 
8 50 4 
10 95 51 (46 
12 90 56 — 52 
14 85 57 * 58 
Expr. 143. Made 7 hrs. 9 min. after injection of curare. Tetanised for 10 min. 
between Exps. 14a and 
| Stimulus applied at 8,. 
1 8°0 cm. 17 — 9 
8 76 19 _- 9 
5 70 17 _ 6 
7 6-5 19 7 
9 60 19 6 
11 5°5 16 4 
18 50 8 
15 4°5 18 — 4 
Stimulus applied at 8,. 
A” Area 4” 
2 80 12 <— 27 
4 75 12 27 
6 70 8 _ 24 
8. 6-5 7 24 
10 60 6 a 23 
12 55 4 22 
14 50 2 21 
16 45 2 a 20 
The result of Experiment 14a may be written : 
58 —»> 52 
56 <— 52 
= 997. 


From Exp. 14d it is not possible to make an exact determination of — 


4 for the values of A” are all too high. But if any values of A and 
A’ be chosen, as for example 19 and 7 from observation 7, it will be 


found that, though the values of A” are all higher than 7, yet the 


values of A” are all lower than 19. Taking, for example, observation 8, 
recorded immediately after observation 7, we get the values A” = 24, 
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A” =", Now if A” were reduced until it were equal to 4’, A” would 
become much less than its present value 7. The experiment may then 
be written : | 


19 —» 7 
- Jess than 7 <— 7, 
so that i is less than 0°37. As the experiment goes on, the value of 
a becomes steadily less, observations 15 and 16 giving the final value: 
18 —»> 4 
less than 2 <— 4, 
whence <i is less than 0°11. 
table below are collected all the values hitherto 
for 
Experiment Value of £ Condition of muscle 
18 0°88 approx. . Fresh 
14 0°98 
15 
lba 0-98 ” 
15 b 1°00 ” 
1:00 
716 096 ” 
0°88 
16b 1-01 
16c 0°97 ” 
20 0°99 | 
20a 0°89 ‘Tetanised 15 min. 
20 b 20 min. 
21a 0-00 min. 
22 100 Tetanised 7 min. 
22a 1:00 » 14m. 
0-90 » 84min. 
lda 0°97 Tetanised 30 min. 
than 0°11 40 min. 


0°88, and in nine out of eleven cases has not been less than 0°96. These 
small differences between A and A” may well be due to the failure of 
some fibres to reach from end to end of the distance AB. It cannot 
therefore be affirmed that in fresh muscle the conducted disturbance 
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undergoes any change in its course. The early stages of fatigue 


produced by tetanisation give values not differing from those observed 


in fresh muscle; but the value of <- is in every case reduced by 


prolonged tetanisation. It cannot therefore be doubted that in fatigued 
muscle ¢” is not equal to e in some or all of the fibres. 

It should be observed that, though the conducted disturbance is in 
this way proved to undergo a change during conduction, yet it cannot 


be argued that, because different values of <- are obtained from two 


observations made in different stages of fatigue on the same muscle, 
therefore the conducted disturbance is changed to a different extent in 
the two cases. For example, in Experiments 20a and 20b the values of 
4 are 0-92 and 0'30; but it is possible that the conducted disturbance 
undergoes the same change in the two cases. For the conditions 
covered by the variables v and w may well have changed between 
Experiments 20a and 20b, so that a like difference between ¢ and é” 
may produce unlike differences between a and a” in any fibre. But, 
for all that, one is inclined in the absence of proof to regard a greater 
change i in the conducted disturbance as a probable explanation of part, 


if not all, of that progressive decrease in the value of £- which 


accompanies fatigue. 
It is with pleasure that I record my stihl: to Dr Robert 
Worthington for his untiring criticism of the methods used in this 


enquiry. 


SUMMARY. 


From the observations of previous workers it may be inferred that 
from any directly stimulated point on a muscle fibre there is conducted 
over the length of the fibre a disturbance, which is not itself the change 
of form, but which calls up the change of form. 

This investigation aims at determining whether the conducted 
disturbance may undergo a change of intensity in the course of its 
conduction. 

Since there is no method known, by which a direct measure of the 


conducted disturbance may be obtained, it is necessary to measure the 
_ disturbance through the change of form which it calls up. 


Methods previously used to solve this question have made one of 
PH. XXXIV. 
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two assumptions, which do not appear to be warranted. These as- 
sumptions are (1) that the relation betweeen conducted disturbance 


and change of form will necessarily be alike at all points on the same 


muscle fibre, and (2) that the relation between stimulus and resulting 
conducted disturbance will be alike at all points on the same fibre. 
The method involving the former assumption demands also that the 
changes of form in two portions of muscle of equal size should be 
-compared, and it is extremely difficult to carry this out experimentally. 

If these assumptions be rejected, it becomes necessary to use a 


method of reversal in order to determine whether any change takes — 


place in the intensity of the conducted disturbance. 

The method of reversal involves the assumption, that the change 
of form produced at any point on a muscle fibre by any conducted 
disturbance is independent of the direction in which that disturbance 
is travelling. 


Application of the method to the curarised sartorius of the frog 


gives the following results. | 

In fresh muscle the disturbance produces, after conduction over a 
distance of some 30 mm. of the muscle’s length, a contraction which is 
usually more than 95°/, of the contraction which it produced, under 
otherwise identical conditions, before conduction over that distance. 

_ This small difference between the contractions produced before and 
after conduction may be due to the fact that some fibres fail to reach 
from end to end of the muscle. It cannot therefore be asserted that in 
fresh muscle the disturbance undergoes any change of intensity in the 
normal course of conduction. 

Tf the muscle be fatigued by tetanisation, the contraction produced 
after conduction becomes, relatively to that produced before conduction, 
less and less as fatigue increases. Cases are recorded in which the 
contraction after conduction has been reduced to 30°/, and 11°/, of that 
before conduction, or has been abolished completely. 

From these cases it is proved, that the conducted disturbance may 
undergo, in fatigued muscle at any rate, a change of intensity in the 
course of conduction. 
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INTRACELLULAR COLLOIDAL SALTS. 
By W. A. OSBORNE. 


(From the Physiological Laboratory, University of Melbourne) 


Tue action of inorganic salts on living cells and tissues has been the 
subject of many physiological researches in recent years, In all the latest 
published accounts of such work to which I have had access, it has been 
assumed that the inorganic salts either remain as such in the protoplasm 
(or living material), or enter into a loose combination with proteids. 
The special action of the salt in both cases is taken to be the algebraic 
sum of the actions of its ions, whilst the actions of these latter are 
referable to, or run parallel with, such qualities as valence, velocity, and 
electric potential. 

Without disputing the general validity of these conclusions, as far as 
neutral proteids are concerned, I would venture to state that one 
important aspect of the problem has been ignored, and that is the 
existence within the cell or tissue of dissociable salts, which possess large 


molecular volumes and are in consequence imprisoned by the cell or 


tissue wall. In the Proceedings of the Physiological Society for July 1st, 
1905, I have given in outline the theory which I shall now describe in 
greater detail. 

If there exist in the cell substance a dissociable salt of which the 
anion (and free acid) cannot diffuse through the cell wall whilst the 
cation (and the free base) can, then if such a cell be immersed in an 
infinite amount of an iso-osmotic solution of a dissociable salt capable of 
diffusion into the cell, the cation and base of the latter salt will replace 
the cation and base of the intracellular salt if they are not already 
identical. As Ihave mentioned in the short paper cited the substitution 
of one metal for another may be accompanied by profound changes in 
such a complex salt. The marked difference which exists between the 
caseinogen compound of sodium on the one hand and of calcium on the 
other I have already described’; whilst between potassium and sodium 


1 This Journal, xxvm. p. 398. 1901. 


oe - 
¥, 
& 
4 
<a 
a 
~ 


INTRACELLULAR SALTS. 85 


salts of the higher organic acids considerable. divergencies may be 
observed. If, in a protoplasmic salt, sodium be replaced by potassium, 
and the change be no greater than that which accompanies a similar 
substitution in a soap, it will be granted that such a change would alter 
the physical, and hence the ee properties of the protoplasm 
very markedly. 

That living tissues contain salts of the character indicated there can 
be no question. The nucleo-proteids are acids of a pronounced type ; 
their salts with physiological metals are soluble in water; whilst the free 
acids are insoluble. The importance of this last-mentioned character 
will be discussed later. There is some evidence also that globulins, at 
least in part, are of an acid nature’, and that here too the free acid is 
insoluble. Mucin, which according to Holmgren’ occurs preformed in 
the salivary glands, and the mucoids come into the same category. That 

' these salts dissociate may be assumed at once from the fact that the 
free acid is liberated by the action of hydrogen ions of sufficient 
concentration. The question as to the bases with which these insoluble 
acids are combined in the body to form soluble salts has received but 
scanty attention. According to Miiller® the mucin of the respiratory 
tract is a sodium salt, and we may therefore speak of it as sodium 
mucinate, Caseinogen appears in milk chiefly as a calcium salt. | 

It willbe seen at once that if these soluble nucleo-proteates and 
globulinates of the cell dissociate, even to a very slight degree, then the 
bases with which they are combined must be the bases of those 
dissociable salts of the lymph which can diffuse into the cell. If the 
relative concentrations of these lymph salts remain constant then the 
relative concentrations of the bases distributed amongst the intracellular 
acids will be constant too, and could be calculated did we know the 

y affinity of each acid for each base as well as the composition of the 
3 inward diffusing fluid. If physiological conditions are here superimposed 
in the cell upon the purely physico-chemical, and in defiance of these, 
they must be of little moment, for the response of most tissues to an 
alteration in the relative concentrations of the salts of its lymph or — 
an perfusion fluid is prompt and invariable. 

| As stated in the article in the Proceedings of the Physiological 

Society, the toxic action of an iso-osmotic solution of sodium chloride 

may be regarded as due in part to the fact that sodium replaces all 
1W. Palladin. Zeitsch. f. Biol. xxxt. p. 191. 1894. 


2 E. Holmgren, Maly’s Jahresb. f. Thierchem. xxvit. p. 36. 1897. 
8 See Otto Cohnheim, Chemie der Eiweiskirper, Braunschweig, 8. 254. 1900. 
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other bases combined with the intracellular acids. Other factors may 
be at work, such as the action of the salt on neutral proteids,.but this 
question of basic interchange should not be ignored. If to the sodium 
chloride solution we add a definite amount of a calcium salt, then, 
according to theory, the intracellular bases will be calcium and sodium 
distributed in a definite manner; but the complex salts of potassium 
and magnesium will no longer be represented in the cell, and hence the 
frequent necessity of adding dissociable compounds of both these metals 
to the sodium-calcium mixture. 

In the experiments which I shall now describe I ene ‘used 
a parchment paper tube containing a solution of a colloidal salt, soap’ 
or milk, as a rough model of a cell or tissue unit. The dialysing fluid 
represents the lymph of the higher metazoa or the — fluid 
medium of protozoa and lower metazoa. 


Basic interchange by dialysis. 
_ [have already shown’ that when 100 c.c. milk are dialysed for twenty- 

four hours at room temperature against 24 litres of a 1°/, NaCl solution 
the reaction with rennin is absent or very feebly marked. If dialysis be — 
prolonged for a week, and if the dialysing fluid contain a little chloro- 
form and be constantly renewed, the character of the milk changes in 
wu marked degree. No indication of clotting is seen with rennin, the 
milk becomes more transparent than its dilution through dialysis 
warrants, the surface film that is produced -by boiling is no longer 
discernible, and caseinogen can be detected in the filtrate from a clay 
_ cell. These changes can easily be brought about by a displacement of 
the calcium by sodium in the caseinogenate present. More conclusive 
evidence of this is given by the following analyses. 


1. The calcium in 100 cc. separated cow’s milk was estimated in 
the following manner. The organic matter was destroyed by addition 
of HCI and potassium chlorate in the usual way, the chlorine and the 
_ greater part of the HCl were evaporated off, the residue diluted and 
filtered, the filtrate made faintly alkaline with ammonia and then made 
slightly acid with acetic; a faint precipitate was filtered off and the 

1 The soap used throughout these experiments was made from pure sodium vient 
and mixed stearic and palmitic acids.» It contained 9°2 °/, solid matter, gave an almost 
to a white opaque 


2 Proc. Physiol, Soc. loc. cit. 
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filtrate treated with ammonium oxalate, boiled and let stand over night. 
The precipitate of calcium oxalate was then collected on a filter, washed 
with water acidulated with acetic acid and then dissolved in dilute HCl. 
The acid solution with the acid washings of the filter was collected in 
a weighed porcelain crucible, sulphuric acid was added and the crucible 
placed in a reverberating furnace of simple design. No further addition 
of sulphuric acid was found necessary, and a white residue of calcium 
sulphate was obtained. The crucible was allowed to cool in an exsiccator 
and was then weighed. The reagents were carefully tested for calcium 
with negative results except in the case of the chlorate. As, however, 
50 grms. of the chlorate gave a precipitate of calcium oxalate which was 
visible but not weighable within the limits of experimental errof, and as 
this amount was certainly more than that employed, I have not thought 
it necessary to make any correction in the figures. The 100 c.c. milk 
treated in this manner gave 0°4948 grins, CaSO,, 


2. 100c.c. of the same sample of milk were placed in a carefully 
tested dialysing tube and dialysed against 1 litre of a 1°/, solution of 
sodium chloride for fourteen days. The NaCl solution was changed 
once daily. When treated by the above method the amount of CaSO, 
found was 0°0181 grms. 


3. 100cc. of the same milk were dialysed against 24 litres of 
distilled water for fourteen days; the water was changed daily. 

The amount of CaSO, obtained was 0°0965 grms, 

The milk therefore which was dialysed against distilled water 
contained more than five times as much calcium as that dialysed 
against the salt solution. — | 

This exchange of base can readily be detected with soap. 100 c.c, of 
the hot soap solution mentioned above were dialysed against 1 litre 
of 0°5°/, pure KCl solution made faintly alkaline with KOH at a 
temperature of 68°C. for three days of eight hours each. The salt 
solution was renewed every two hours during the working part of the 
day. It was found that the soap had completely altered its character 
and taken on the properties of a soft potassium soap. Mere addition 
of the alkaline KCl solution to the soap failed to bring about the same 
change. 

A potassium soap .of mixed stearic and palmitic acids was then 
made and dialysed at-70°C. against 0°5°/, pure NaCl made faintly 
alkaline with NaOH for five days of eight hours each: the fluid was 
renewed as above. The contents of the tube, when-ashed and dissolved 
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in dilute HCl, failed to give the usual reaction with platinum chloride 
characteristic of potassium. The remainder of the dialysed solution on 
cooling set into the typical white firm curd of a sodium soap. 


Dialysis against weak acids and distilled water. 
Milk saturated with CO, becomes decidedly more opaque: this is 
very clearly shown when the milk is diluted with forty times its volume 


of water before passing the stream of CO,. A solution of calcium — 


caseinogenate behaves in a similar manner. A similar reaction may be 
observed with the soap solution already mentioned, even at a temperature 
of 98°C. No true curd is formed in milk on saturation with CO, though 


the stain left on glass seems more particulate than with ordinary milk. 


With separated milk this is scarcely discernible, whilst the solubility of 
the, floceuli in ether points to their origin from butter formation. 
According to Borisowsky’ CO, at five atmospheres pressure will curdle 
milk. But a total precipitation of caseinogen occurs, I find, if milk be 
dialysed against water saturated with CO, at ordinary temperature and 
pressure. In the experiments where 100 c.c. milk were dialysed against 
24 litres of water through which CO, was constantly bubbled, and where 
the water was changed once daily, I found that precipitation was 
complete at the end of three days. No change had occurred in 
a control sample of the milk dialysed against distilled water, nor 
in another sample of the same milk subjected for three days to a 
stream of 

To understand this action of CO, we must remember that the free 
acid caseinogen has a very low solubility; if by hydrolysis the amount 
of free acid liberated exceeds the limits of solubility then precipitation 
occurs, but if the precipitate remains suspended in the fluid and if the 
particles are extremely minute, giving therefore a large surface, the 
precipitated acid still remains a decided factor in the equilibrium 
present. If the particles increase in size by mutual coalescence then 
their active mass is reduced; if finally through any cause the particles 
become so large as to fall in a genuine precipitate their active mass 
practically vanishes. | | 

From the standpoint of hydrolytic dissociation we assume that 
concomitantly with the formation of free acid a corresponding amount 
of alkali, in the case of milk Ca(OH), is liberated. If then this latter 
is neutralised by CO, the free acid caseinogen will increase. But as 


1 In Maly’s Jahresb. f. Thierchem. xxui. 182. 1894, 
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calcium carbonate and bicarbonate can react with free acid caseinogen 
in suspension forming calcium caseinogenate and free CO,, total pre- 
cipitation of the caseinogen will only occur if the calcium carbonate or 
bicarbonate be removed from the mixture as occurs in dialysis. 

The same theory allows us to predict what will happen when wach 
a colloidal salt is subjected to prolonged dialysis against distilled water. 


_ Here it is the metallic hydrate which dialyses out, but the result will be 


the same as with dialysis against water charged with CO,, though 
produced in a tardier manner. 

100 c.c. soap solution at a temperature of 68°C. was dialysed for five 
days of eight hours each against 1 litre of distilled water at 68° C. 
renewed every two hours. When taken out the mixture was quite 
turbid, and when allowed to cool no longer set into a firm jelly; the 
greater part of the solid constituents present was soluble in ether and 
the substance so extracted was acid in alcoholic solution and was ash- 
free. . As, however, a residue was obtained on calcining the unextracted 
soap the latter might be looked on either as an acid soap or as a 


mixture of soap and free acid. This fact has already been observed by 


Rotundi? who erroneously supposed that when a soap is dialysed a 
basic soap dialyses out, leaving an acid soap behind. 
In the same way if 100 c.c. separated milk be dialysed against 


_ 24 litres distilled water containing chloroform and the water be changed 


twice daily, precipitation of caesinogen may be observed to commence 
about the end of the third week. As, however, chloroform might be 
suspected to have some precipitating action I sterilised the milk in 
another experiment by bringing rapidly to boiling point and used 
sterilised water for dialysing fluid; the same result was obtained. The 
fact that I failed to find calcium in the later changes of the dialysing 
fluid can readily be accounted for by the minute quantities which must 
have been present. The milk thus dialysed responded to rennin up to 
the time when precipitation had started. 

These experiments might lead one to think that the precipitation of 


_ globulin by dialysis is referable to the same cause entirely, but the 


re-solution, complete or partial, in neutral salt solution militates against 
this view. We see therefore that even if the wall of a cell were 
permeable to crystalloid salts in solution the amount of metallic base 
lost when the cell is immersed in distilled water might be very trivial 
in the time allotted to an experiment. Matthews’, for — found 


1 Journ. Soc. Chem. Ind. p. 601. 1885. 
2 American Journ. Physiol. x. p. 290. 1904. 
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that if the eggs of the fundulus were acted on by distilled water for some 
hours considerable amounts of chlorine could still be found in them; and 
Brown’ has recently shown that these eggs do not lose their salts in the 
first six or eight hours after such immersion. The explanation advanced 
by Brown, namely, that these eggs are actually impermeable during 
this period may be the correct one and the experiments of Stoccard 
quoted by Brown go to confirm this view.’ Yet it must not be 
forgotten that even though the ess wall were permeable to all but 
colloids, metallic bases would remain behind for many hours if linked 
with colloidal acids. The tardy loss of chlorine which Matthews 
described may also be due in part to the presence of feeble dissociating 
chlorides. This reverse condition (complex indiffusible base linked © 
to diffusible acid) may play some part in the cell, but though there is 
evidence that such bases exist such as the histones, no proof as far as 
I am aware has been brought forward to show that oe exist in combi- 
-nation with simple acid radicles*. 


Dialysis as a model of oligo-dynamical action. 

100 milk were dial for three weeks against 24 of 
HgCl. ‘The solution was changed once daily. 

ee contents of the tube measuring 260 c.c. were then treated with 
HCl and potassium chlorate to destroy organic matter, the chlorine and 
the greater part of the HCI driven off, the mixture filtered from a little 
fat and the filtrate treated with H,S. The precipitate was collected on 
a tared filter, washed with hot dilute HCl alcohol, carbon bisulphide, 
and ether, and then dried and weighed. The difference in weight was 
0028 grms. gs amount of mercuric sulphide from 260 c.c. gives a 


normality of me or more than four times that of the solution to which 


the milk was subjected. As the proteid in the 260 c.c. fluid was clotted 
and occupied a small volume the concentration of mercury in it must 
have been much higher than the figure given. 
_ We see from this experiment that proteid confined within a dialysing 
membrane may act as a trap for heavy metals. 

Some weeks after this experiment was carried out I received an 


1 American Journ, Physiol. x1v. p. 354. 1905. 
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account of the experiments of Bokorny’, who proved conclusively for - 


algae that “the enormous toxicity of mercuric chloride and copper 


sulphate are to be attributed to the fact that both are stored up in the 


‘living cell.” 


That mercury: may replace calcium, sodium or potassium in an intra- 
cellular colloidal salt is probable, but that this is not the only com- | 
bination possible is shown by the researches of Galeotti* . 

This heaping up of heavy metals by protoplasmic substance is a 
factor that must not be lost sight of in calculations of oligo-dynamical 
activity, for it may be found that the concentration of the poison within 
the living tissue is much greater than one would expect from the con- 
centration without. We see too that before we can estimate the 
relative antiseptic powers of metallic solutions we must know not only © 


the concentration and degree of dissociation® of thé salt but also the 


mass and possibly the surface of the organisms acted upon, the total 
mass of the salt with which the organisms have come in contact, and 
the affinity that exists between the proteids of the organism of the salts 
at the concentrations experimented with‘ 


Pfliiger’s Archiv, cvi1. p. 216. 1905. 

2 Zeit. f. physiol. Chemie, xu. p. 492. 1905. 

® For importance of dissociation see Paul and Krénig, Zeit. f. physikal. Chemie, 21, 
p- 414. 1896. 

* In working with dilute erag of copper sulphate an interesting fact was observed. 


In a solution of this salt of 500 M ssrengsh the typical bine colour can be seen only very 


faintly when ordinary sitcuiger vessels of a litre capacity are filled with the fiuid. If, 
however, a dialysing tube containing milk be placed in the CuSO, solution the colour of the 
solution deepens in a very marked degree and at the same time assumes a greenish shade. 


A solution of serum albumen or dialysed egg-white fails to give the reaction, though the 


fluid inside the dialysing tube may be greenish. I have found that if to CuSO, solution of 
this strength, small quantities of sodium citrate, sodium acetate, sodium tartrate, sodium 
lactate, or sodium oxalate be added, a very marked intensification of the colour ensues and 
at the same time with a development of a greenish tinge. Of these salts sodium citrate is 
the most powerful. The experiment is interesting from a physico-chemical standpoint. 


If the colour of a copper salt solution is due to the copper ion it is difficult to see how 


addition of sodium citrate could increase the concentration of the ion. 

If this intensified colour be due to the formation of a complex ion such as occurs in 
Fehling’s solution it is interesting to note that here the reaction is acid, but I have not 
been able to discover whether formation of such complex copper-containing ions has been 
noticed in an acid medium. If the colour is due to the molecule of copper citrate formed 
how does it remain undissociated at that dilution ? 2 

Not only milk in a dialysing tube but many body tissues, for instance muscle, give the 
reaction, though in a less marked degree, leading one 
organic acids capable of acting in this manner. 
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CONCLUSIONS. 


1. If a dissociable salt composed of colloidal acid and crystalloid 
base be dialysed against a solution of a dissociable crystalloid salt the 
base of the latter will replace the base of the former. 


| 2. As such complex salts exist within the cell we are justified in 
assuming that the bases present are those of the lymph or perfusion 
fluid which can penetrate the cell wall. 


3. The toxic action of pure sodjum chloride solution must be due 
in part to the replacement by sodium of the intracellular bases. 


4. If in the colloidal salt described the free acids bave a very low 
solubility and tend to form a fine suspension when partially precipitated, 
then total precipitation of the free acid will occur when the salt is 
dialysed against solutions of diffusible weak acids, though such acids 
have a hydrogen ion concentration too low to effect such change without 
dialysis. 

The same result will follow when the salt is dialysed against 3 
distilled water, but here the action is a slow one. 


_ 5. This slow loss of base when dialysis takes place against distilled 


water must be taken into account in experiments where wee! cells are 
exposed to distilled water. 


6. Proteid solution dialysed against weak solution of mercuric 

_ chloride tends to retain the heavy metal and thus acquire a greater 
concentration of the latter than exists in the dialysing fluid. This 
reaction with heavy metals has an important application with regard to 
antiseptics and oligo-dynamical action. 
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ON THE ALLEGED ADAPTATION OF, THE PANCREAS. 
TO LACTOSE. By R. H. ADERS PLIMMER, DSc. 


(From the Physiological Laboratory, University College.) 


Ir has been shown by E. Fischer and W. Niebel” and by Portier® 
that the pancreas of animals such as the dog, ox, horse, calf, and pig, 
contains no ferment capable of hydrolysing lactose. This result was 
confirmed for adult animals in 1899 by Weinland®, who, however, 
asserted that the presence or absence of lactase in the pancreas depended 
on the previous diet of the animal. He found that lactase was a 
constant constituent of extracts of pancreas made from sucking animals, 
and that the effect of feeding dogs for some weeks with milk was to 
cause the appearance of this ferment in the pancreas. This observation 
of Weinland’s was confirmed by Bainbridge”. Bainbridge extended 
his observations also to the pancreatic juice, and found that here too the 
administration of lactose to adult animals caused the secretion of lactase 


in the j juice. Bainbridge carried outan elaborate series of experiments 


with the view of determining the exact mechanism by means of which = = 


the adaptation of the pancreas to the presence of lactose in the alimen- 
_ tary canal was effected, and concluded that the administration of lactose 
caused the formation of some substance in the epithelial cells. of the 
intestine which was absorbed by the blood and carried to the pancreas, 
where it gave rise to the formation of lactase. The effect of secretin on. 
such a pancreas was to cause the — out of all the ferments which 
it contained, including the lactase. 

Recently, however, Bierry™, in the course of a research on the 
distribution of lactase, has scammed extracts of the pancreas and the 
"pancreatic juice, in adult dogs fed on biscuit or meat, as well as in 
other dogs which had been fed on lactose. He states that under 
no circumstanees can the lactose-splitting ferment be found either in the 
pancreas or in the pancreatic juice, and ascribes the results of previous 
observers to the insufficiency of the methods of analysis employed by 
them. 
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In view of the uncertainty of the earlier results of Vasilieff and of 
Walther on the qualitative adaptation of the pancreatic juice to the 
food-stuffs present in the intestine, the adaptation of the pancreas to 
lactose,. described by Weinland and Bainbridge, acquired great 
importance, as presenting direct evidence of the adaptation of the 
pancreas to the food. The question of the accuracy of their observations 
must therefore largely influence our attitude to the views put forward 
by Pawlow, with regard to the correlation of the total activities of the 
pancreas with the nature of the food. At the suggestion of Prof. 
Starling I-have therefore submitted the whole question to a fresh 
investigation. 

_ The credibility of the conclusions arrived at by Weinland and 
Bainbridge depends on the trust which can be placed on their methods. 
Those employed by Weinland have been justly criticised by 
Bainbridge. In Weinland’s experiments an infusion of the pancreas 
was treated with a given proportion of lactose, and then placed in the 
incubator with the addition of toluol for some hours. The presence or 
absence of lactase in the infusion was judged by (1) submitting the 
mixture to the action of Saccharomyces apiculatus, which, while fer- 
menting glucose, has no action on lactose: (2) by estimating the 


rotatory power of the solution after separation of the proteids it 


contained by means of Briicke’s reagent. In no case were control 
observations carried out on mixtures in which the pancreatic infusions 


had been boiled, but the ‘Presence or absence of change was judged of by 


the amount of lactose added to the fluid... (3) In a certain number of 
cases the osazones were prepared from the mixture. For the identifica- 
tion of these osazones W einland trusted chiefly to their microscopic form, 
no determination being made either of the melting point of the purified 
crystals or of their content in nitrogen. 

Of these three methods Weinland placed most ailinees on the 
polarimetric. In his dilute solutions the differences of readings that 
he observed were well within the limits of experimental error. Two 
minutes might make a difference of 10°/, inversion. Moreover, if any 
proteolysis had taken place in the solution amino-acids would be formed 
and would not be precipitated by Brticke’s reagent. In the strongly 
acid filtrate obtained from this reagent, nearly all the possible amino- 
acids which might be present would have a dextro-rotation, and 
therefore might account for the whole of the increased rotatory power 
observed in these various experiments. The presence of dextrose in the 
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pancreatic infusions was not excluded, and therefore one can not rely 
implicitly on the fermentation test applied by him. 

Later experiments on feeding with galactose instead of lactose also 
produced a small increase in rotatory power, but only a slight evolution 
of gas on fermentation with Sacch. apiculatus, but in this case Weinland 
considered that his result was negative. | 

In Bainbridge’s experiments most of these sources of error were 
avoided. In almost all his experiments a control experiment was made 
with boiled juice or boiled infusion. He rightly discarded the polari- 
metric method, and adopted as his criterion the reducing powers of the 
solutions as determined by Pavy’s solution. The osazone method 
employed by him was unsatisfactory, since in no case was there isolation 
of the osazone or determination of its melting point and its nitrogen 
content. Moreover, although Pavy’s method can be applied with 
considerable accuracy to the determination of reducing sugar, its accuracy 
depends on the scrupulous observance of identical conditions in all the 
determinations. Small alterations in the time of boiling or in the 
volume of fluids used may produce differences in the results, which are 
serious when, as in Bainbridge’s experiments, deductions are to be 
drawn from differences in the reducing power of two solutions amounting — 
to only ‘2 to ‘9c.c. in a total quantity of fluid of between 4 and 8c. 

The method employed by Bierry consisted in the preparation of the 
osazones after separating proteid-substances by means of mercuric 
nitrate. He considered that this was the most delicate method, but 
found that it was inaccurate unless 20 per cent. of lactose were hydrolysed. — 


‘Unfortunately no data are given of the osazone obtained, except Es geass ten 


was soluble in a mixture of equal parts of acetone and water, in which 
glucosazone is insoluble. The possibility that less than 20 per cent. 
inversion had occurred is not excluded, since the length of time during 
which the ferment was allowed to exert its action is not stated. | 

In my. reinvestigation of the subject I have endeavoured to avoid 
the above sources of fallacy. Of the various methods of determining the 
question of inversion there is no doubt that, as Bainbridge has pointed 
out, a comparison of the reduction before and after conversion is the 
most delicate. 

Of the methods for determining the reducing power of a solution, 
practically the only one which is free from sources of error, depending on 
the experimenter, is that in which the copper oxide produced is collected 
and weighed. I have therefore made use of Allihn’s method for the 
determination of the reducing power of the solutions, Moreover, before — 
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the determination is carried out all proteids and allied bodies must be 
separated from the solution. For this purpose I have used mercuric 
nitrate as employed by Bierry. The method of boiling after acidification 
employed by Bainbridge is inadequate since it only removes the greater 
part of the coagulable proteid, leaving the proteoses and other disinte- 
gration products still in the solution. Since my object is merely to 
determine the presence or absence of lactase in the given juice or tissue 
extract, I have always allowed ample time for the action of the ferment 
to take place, generally leaving the solutions in the incubator for two 
or three days. In every case two experiments have been made side by 
side, one consisting of the mixture of the juice or extract with lactose, 
and the other consisting of exactly the same amounts of lactose and of 
boiled juice or extract. Both these solutions have been subjected 
throughout to exactly the same procedure. Finally, in each case the 
osazones have been made and the glucosazone, if present, separated 


from the lactosazone, and the identity of these substances determined — 


both by the melting point as well as by an estimation of their content 


in nitrogen by Dumas’ process. By adopting these methods it is easy — 


to detect the presence of a lactose-splitting ferment. In every case, 
when such a ferment is present, we can after one to three days’ incuba- 
tion get a big difference in the copper reducing power of the two 
solutions as well as definite production of glucosazone. In every case 
I have also taken polarimeter readings of the two fluids. This method, 
however, is much less delicate than the other two, and suffers moreover 
from the drawback that it is impossible to separate amino-acids from the 
solutions, so that the final rotatory power of the solutions may differ 
apart from any difference in their sugar content. 

I have investigated the question of the presence of lactase after 
feeding with milk and milk sugar in five animals, namely 4 dogs and 1 
kitten. The dogs were fed with meat and biscuit and in addition about 
two pints of milk and two ounces of milk sugar per diem. This diet was 
continued from two to five weeks. At the end of this period the animals 
were anzsthetised, and pancreatic juice, excited by injection of secretin, 
was collected by Prof. Starling for a period of 4 to 6 hours, The 
animals were then killed, the pancreas cut out and pounded up with sand. 
The pounded organ was then suspended in toluol water until the next 
day, when it was centrifuged, and the opalescent supernatant fluid taken 
and handed to me to determine the presence or absence of lactase. In 
each case the pancreatic juice and the pancreas infusion were divided 
into two parts; one part was kept at 100° C. for 20 to 30 minutes in 
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neutralised at the commencement of the experiment by means of hydro- 


_ but had received milk during the whole time. 


_ the same quantity of the filtrate of each was neutralised with the same 
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order to destroy any lactase which might be present. Exactly equal 
volumes of each were then treated with the same bulk of 5 °/, lactose 
solution, and 2 °/, of toluol added. The mixtures were then incubated at 
38° C. in corked bottles for periods varying from one to three days. As 
is ‘well known the pancreatic juice is strongly alkaline. In the first 
experiment therefore the sample was taken at the end of 24 hours, and 
the remaining mixture of juice and lactose was neutralised and allowed 
to incubate for a further 24 hours. 

In the third experiment the whole of the pancreatic juice was 


chloric acid, and was then treated as already described. The kitten was 
about 5 weeks old and had been about a fortnight away from its mother, 


The two mixtures after being incubated for the various times were 
treated with 10 c.c. of mercuric nitrate solution, prepared in the manner 
described by Patein and Dufau™. After allowing to stand for about 12 
hours, in order that the precipitates should settle, they were filtered and 


amount of 10 per cent. caustic soda. By this means most of the mercury 
was precipitated as oxide, the filtrate from this precipitate containing 
only small traces. Exactly equal quantities of the filtrates were then 
treated with hydrogen sulphide to remove the last traces of the mercury, 
and the excess of hydrogen sulphide was removed by means of copper 
sulphate solution. The solutions were then made up to a definite 
volume, generally 250 c.c. and filtered. The faintly acid filtrates, so 
obtained, were then employed for determining the rotatory power in a 
2 decimetre tube and the reducing power by Allihn’s method, the — 
cuprous oxide being collected on a modified Soxhlet filter as described 
by Plimmer and Bayliss®, washed with alcohol and ether, dried at 
110° C. and weighed. In every case at least two determinations of the 
cuprous oxide were made, and-since these differed only by about 2 milli- 
grammes in weight, the reduction to copper or oxidation to cupric oxide 
was not carried out. 

In order that there should be the least possible error in all these 
processes the same pipettes were used throughout. They were always 
thoroughly cleansed, and dried with alcohol and ether before the liquids 
were taken up into them:for measurement ; only when the mixtures were 
finally made up to a definite volume, different measuring flasks were 
employed, otherwise the volumes taken from each solution were always 
exactly the same. By this means a perfect control experiment was made. 

PH, XXXIV. 
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The only difference in the two mixtures consisted in the amount of 
copper sulphate added to remove the hydrogen sulphide ; a slight excess 


of this compound in the solutions could make no difference to the 


rotatory power since its colour was scarcely apparent, nor to the reducing 
power by Allihn’s method, where an excess of copper sulphate in the 
Fehling’s solution taken is always present. 

_ Before preparing the osazones the solutions were again neutralised, 
whereby the excess of copper was precipitated as hydrate and filtered off ; 


in some cases, however, a dark blue solution resulted, from which the — 


copper separated on adding the phenylhydrazine hydrochloride and 
sodium acetate. This mixture was used in preference to the phenyl- 
hydrazine and glacial acetic acid, since an excess of the latter might cause 
hydrolysis of the lactose, as often happens with cane-sugar. For évery 
gramme of lactose in solution one and half times its quantity of phenyl- 
hydrazine hydrochloride and twice its quantity of sodium acetate were 


added; and the mixtures were heated on the water-bath for about — : 


2 hours after filtering from a small amount of resin and copper, if any. 
The osazones never came down whilst the solutions were hot, but on 
cooling crystals were always obtained. These were filtered off and washed 
thoroughly with cold water. They were then washed with boiling water, 
in which they completely dissolved leaving behind a resin, and on cooling 
they again separated; in this way they were recrystallised, and after 
again filtering off and washing with cold water, they were dried at 
110° C. and in many cases analysed. 

In order to show that this method which I have adopted is adequate 
to display the presence of lactase, if any ferment existed in the solution 
I give also protocols of experiments made with extracts of mucous 
membrane of the small intestine, in which, as is well known, lactase is 
certainly present. Here the osazone obtained was not completely 
soluble in boiling water; the insoluble portion was therefore dissolved 
in dilute alcohol for recrystallisation and analysed after drying at 
110° C, 

The results are best seen from the table, in which are included the 
figures obtained with a 2 per cent. lactose solution before and after 

_ hydrolysis with acid; 20 c.c. of the solutions were in most cases taken to 


determine the reducing power. The additional data are given in the 


protocols. 
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Exr. 606.0. pancreatic juice, 
100¢.c, 5%, lactose solution+25c.c. juice+toluol. Control 100c.c. 5°/, lactose 


N 
solution +25 boiled juice+toluol. Incubated at 38° for 24 hours. 250.c. H,80, 


then added to each. 
50c.¢. removed and precipitated by 10c.c. mercuric nitrate. Filtered; 50¢.c. filtrate 


neutralised with 5c.¢. 10°/, NaOH and filtered. 45... filtrate treated with H,8. Excess 
of H,S removed with CuSO,. Made upto 100c.c. Filtered ; and filtrate used for rotation, 
reduction, and osazones after neutralising and filtering from Cu (OH),. 

Remainder of neutralised mixtures incubated for 24 hours longer and then precipitated 
by 10c.c. mercuric nitrate solution. Filtered; 100c.c. filtrate neutralised with 6c.c. 
10°/, NaOH and filtered. 90.0, filtrate treated with H,S. Excess of H,S removed by 
CuSO,. Made up to 250c.c, Filtered; and filtrate used for rotation, reduction, and 
osazones after neutralising and filtering from Cu(OH),. : 

The osazones both of the experiment and the control were completely soluble in boiling 
water, They melted at 210—212°C. and 209—210° C. respectively; 0°1954 grm. osazone 
obtained from the experiment gave 16°4¢.c. N at 14°C. and 772mm. Hence N=9°98°,. 


Expr. II. 125.c.c. toluol water extract of pancreas of milk- and lactose-fed dog. 

100 ¢.c. 5°/, lactose solution, 50 ¢.c, extract +2c.c. toluol Incubated at 38°C. 

ie c.¢. 5°/, lactose solution, 50 c.c, boiled extract +2¢.c. toluol for 48 hours, 

To each 10c.c. mercuric nitrate solution added. Filtered; 140c.c. filtrate neutralised 
with 6°5c.c. 10°/, NaOH and filtered. 125..c. filtrate treated with H,S. Excess of H,S 
removed with CuSO,. Made up to 250c.c. Filtered; and filtrate used for rotation, 
reduction, and osazones after neutralising and again filtering. 

The osazones from both solutions were completely soluble in boiling water and both 
melted at 208—210° C. 

02626 gm. osazone of the experiment gave 23¢.c. N at 14°C. and 770mm. Hence 
N=10-44%,. 

0°2560 gm. osazone of the control gave 21°9¢.c. N at 18°C. and 762mm. Hence 
N=10-41 %,. 


Exp. II. 120¢.c. toluol water extract of pancreas of kitten 4—6 weeks old. 
hs 5 °/y lactose solution, 50 ¢.c. extract, 2 ¢.c. toluol Incubated at 38°C. 

100 c.c. 5 °/, lactose solution, 50 ¢.c. boiled extract, 2 c.c. suet for 53 hours. 

To each 10 c.c. mercuric nitrate solution added, Filtered; 140 .c. filtrate neutralised 
with 6¢.c, 10°/, NaOH and filtered. 120c.c, filtrate treated with H,S. Excess of H,S 
removed with Cu8O,. Made up to 250c.c. Filtered; and filtrate used for rotation, 
reduction, and osazones after neutralising and filtering. 

The osazones in both cases were completely soluble in boiling water. 


Exp. IV. 120¢.c. chloroform water extract of intestine of kitten. 
5 °/, lactose solution, 50¢.c. extract, 2.c.c. toluol Incubated at 38°C. 
100 ¢.c. 5°/, lactose solution, 50¢,c. boiled extract, 2¢.¢. for 53 hours. 

To each added 10 c.c. mercuric nitrate solution. Filtered. 140 c.c. filtrate neutralised 
with 6 ¢.c. 10°, NaOH and filtered. 120c.c. filtrate treated with H,8. Excess of H,S 
removed with Cu80,. Made up to 250c.c. Filtered; and filtrate used for rotation, 
reduction, and osazones after neutralising and again filtering. 

The osazone of the experiment was not completely soluble in boiling water. The 
insoluble portion was recrystallised from dilute alcohol. It melted at 205—207°C. 

01020 gm. gave 13-9c.c. N at 14°C. and 768mm. Hence N=16-2 

The osazone of the control was completely soluble in boiling water. 
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Exe. V. 70c.c. pancreatic juice of milk- and lactose-fed dog. (2 ¢.c, =2°33 c.c. 
0°4°/, HCl). Neutralised with 77¢.c. 0°4°/, HOL. 
o.c. lactose solution, 60 ¢.c. juice, 2.,¢. toluol Incubated at 38° C. 
100 c.c. 5°/, lactose solution, 60 ¢.c. boiled juice, 2 c.c. toluol } for 76 hours. 
To each added 10¢.c. mercuric nitrate solution. Filtered. Filtrate not completely 


precipitated, so that another 30.c. mercuric nitrate added to 160 c.c. filtrate. Filtered; 


180 ¢.c. filtrate neutralised with 24 c.c. 10°/, NaOH and filtered. 190c.c. filtrate treated — 
with H,S. Excess of H,S removed with CuSO,. Made up to 250¢.c. Filtered; and filtrate 
used for rotation, reduction, and osazones after neutralising and filtering. 

The osazones of the experiment and the control were completely soluble in boiling 
water. They melted at 208—210° C. and 209—211°C. respectively. 

0°2628 gm. of osazone of the experiment gave 22°3¢.c. N at 18°C. and 770mm. 
Hence N=10°17°/,. 


Exp. VI. 150c.c. toluol water extract of pancreas of milk- and lactose-fed dog. 

100 c.c. 5°/, lactose solution, 60 c.c. extract, 2 c.c, toluol Incubated at 38°C. 

c.c. lactose solution, 60 c.c. boiled extract, 2 c.c. toluol for 76 hours, 

To each added 10 c.c. mercuric nitrate solution. Filtered; 140c.c. filtrate neutralised 
with 6 ¢.c, 10°/, NaOH and filtered. 125 .c. filtrate treated with H,S. Excess of H,S 
removed with Cu8O,. Made up to 250c.c. Filtered; and filtrate used for rotation, 
reduction, and osazones after neutralising and again filtering. ; 

The osazones in both cases were completely soluble in boiling water. 


Exp. VII. 25¢.c, pancreatic juice of milk- and lactose-fed dog. 

100 c.c. 5°/, lactose solution, 10 c.c. juice, 2 c.c. toluol Incubated at 38°C. 

c.c. lactose solution, 10 ¢.c. boiled juice, 2 c.c. for 4 days. 

To each added 10 c.c, mercuric nitrate solution. Filtered; 100 c.o filtrate neutralised 
with 5°5.c.c. 10 °/, NaOH and filtered. 90c.c. filtrate treated with H,S. Excess of H,S 
removed with CuSO,. Made up to 250c.c. Filtered; and filtrate used for rotation, 
reduction, and osazones, after neutralising and again filtering. 

The osazones in both cases were completely soluble in boiling water. 


Exp, VIII. 175c.c, toluol water extract of pancreas of milk- and lactose-fed dog. 
100c.c. 5°/, lactose solution, 75 c.c. extract, 2.¢.c. toluol Incubated at 38°C. 
iad c.c. 5*/, lactose solution, 75 c.c. boiled extract, 2c.c. toluol for 80 hours. 

To each added 10c.c. mercuric nitrate solution. Filtered. 150 c.c. filtrate neutralised 
with 6¢.c. 10°/, NaOH and filtered. 135¢.c. filtrate treated with H,S. Excess of H,S 
removed with CuSO,. Made up to 250c.c, Filtered; and filtrate used for rotation, 
reduction, and osazones after neutralising and again filtering. 

The osazones in both cases were completely soluble in boiling water. 


Exp. IX. 70c.c. toluol water extract of mucous membrane of intestine of dog. 

100 c.c. 5, lactose solution, 25 c.c. extract, 2 ¢.c. toluol Incubated at 38°C. 

9 ¢.¢, 5 J, lactose solution, 25 ¢.c. boiled extract, 2 c.c. toluol } for 64 hours. 

To each added 15¢.c. mercuric nitrate solution. Filtered, 120c.c, filtrate neutralised 
with 81 ¢.c. 10°/, NaOH and filtered. 20c.c. filtrate treated with H,S. Excess of H,S 
removed with CuSO,. Made up to 100c.c. Filtered ; and filtrate used for rotation and 
reduction. Remainder of solution treated in same way but used for osazones after 
neutralising and again filtering. 

- The osazone of the experiment was not completely soluble in water. The insoluble 


portion was recrystallised from dilute alcohol. It melted at 195—198°C. 


0°1038 gm. gave 12¢.c. N at 11° 0. and 768mm. Hence N=13-93%,. 
The osazone of the control was completely soluble in boiling water. 
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Expr. X. 120c.c. toluol water extract of mucous membrane of intestine of kitten | 


passed through Berkfeld filter. 
¢.c. 5°, lactose solution, 50 c.c. extract, 2¢.c. toluol Incubated at 38°C. 


100 0.¢. 5%, lactose solution, 50 ¢.c boiled extract, 2 0.0. toluol for 72 hours. 

To each added 10¢.c. mercuric nitrate solution. Filtered. 150c.c. filtrate neutralised 
with 7°5c.c. 10°/; NaOH and filtered. 140c.c, filtrate treated with H,S. Excess of H,8 
removed with CuSO,. Made up to 250¢.c, Filtered; and filtrate used for rotation, 
reduction, and osazones, after neutralising and again filtering. 

The osazone of the experiment was completely soluble in boiling water except 
a very small quantity. — | 

The osazone of the control was completely soluble in boiling water. — 

Exp. XI. 210¢.c. toluol water extract of mucous membrane of intestine of dog. 

100 c.c. 5 °/, lactose solution, 100 c.c, extract, 2 ¢.c. toluol Incubated at 38°C. 
c.c. 5%/, lactose solution, 100 boiled extract, 2 ¢.c, toluol for 72 hours. 

- To each added 10 c.c. mercuric nitrate solution. Filtered. 170 .c. filtrate neutralised 
with 5°5 c.c, 10°/, NaOH and filtered. 150c.c. filtrate treated with H,S. Excess of H,S 
removed with CuSO, Made up to 250c.c. Filtered; and filtrate used for rotation 
and reduction. 

The osazone of the experiment was not soluble in boiling water. 

The osazone of the control was completely soluble in boiling water. 


The table of results clearly shows that neither the pancreatic juice 
nor the extracts of pancreas of milk and lactose-fed dogs contain lactase. 
_ Except in Exps. VI and VII, the difference in reducing power is always 
less than 1 mgm. glucose, but here it was about 2 mgm. This is no doubt 
due to experimental error, since, where inversion has certainly occurred 
there is a difference varying from 7 mgm. to 66 mgm. which represents 


changes of 7—83 per cent., whereas in the above experiments the dif- 


ference only represents a change of about 2°5 per cent. 

Exp. X clearly shows that the reduction method of determining the 
presence of lactase is by far the most delicate. A difference of 66 mgm. 
glucose or 7 per cent. inversion could be determined, whereas only a very 
small quantity of glucosazone could be obtained. This by itself would 
be insufficient to definitely show the presence of lactose. Bierry’s 


statement that a change of less than 20 per cent. cannot be detected with 


certainty by the osazone method is thus confirmed. 


The melting points of the glucosazone obtained in Exps. IV and 1X 


are too low. This can easily be accounted for by the presence of galact- 
osazone, which would also be formed and which would lower the melting 
point considerably. As has been frequently shown the melting points 
of osazones when impure are no criterion of their composition, so that 
no stress can be laid upon these data. The estimation of nitrogen 
by Dumas’ method, however, definitely shows whether the osazone of a 
monosaccharide or a disaccharide is present, since glucosazone contains 
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15°64 per cent. of nitrogen and lactosazone 10°41 per cent. The value 
13°93 which was obtained in Exp. IX points to the presence of a 
mixtute of glucosazone and lactosazone. (It may be here stated 
that Kjeldahl’s method of estimating nitrogen is not applicable to 
osazones. Glucosazone prepared from glucose gave 10°7 per cent. nitrogen, 
and lactosazone from lactose gave 7°7 per cent.) ) : 

One must therefore conclude with Bierry that the statements of 
Weinland and Bainbridge were founded on fallacious methods of 
experiments, and that under no circumstances is there any adaptation 
of the activity of the pancreas to the presence of lactose in the food. 
The general importance of such a conclusion I have already indicated. 
The ideas of Pawlow with regard to the power of adaptation possessed 


by this gland are founded on the results of Vasilieff and of Walther 


which, however, as Bainbridge showed, do not prove his point as 
regards lipase, and must be unreliable as regards the trypsin from the 
fact that at the time the experiments were made the importance of 
enterokinase for the activation of the juice was yet unknown. Popielski, 
a former pupil of Pawlow, has himself concluded that there is no quali- 
tative adaptation in the pancreas, but that the composition and 
amount of this secretion is determined solely by the intensity and 
duration of the stimulus (or as we should now express it, the amount of 
secretin produced in a unit of time and the duration of its in-flow into 
the blood). My experiments therefore would incline us to accept 


-Popielski’s view, or at least to require further evidence for the qualita- 


tive adaptation of the — to the food-stuffs. 
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ON THE PREPARATION OF CHOLESTERIN FROM 
BRAIN. By OTTO ROSENHEIM, Ph.D. 


(From the Physiological Laboratory, King's College, London.) 


THE method usually employed for the isolation of cholesterin from brain 
consists briefly in extraction with ether and subsequent precipitation 
_of the ethereal extract with alcohol. The principal disadvantages of 
this method are the following :— 


1. The ether extraction of freshly pounded brain is a very trouble- 
some operation. The brain swells up and filtration and complete 
removal of the cholesterin is a most difficult and tedious process’. 


_ F. Baumstark? avoids some of these drawbacks by subjecting the — 


whole brain to ether-dialysis, by means of which the water of the brain 
is gradually replaced by ether; an aqueous layer forms beneath the 
ethereal; but the time required for the removal of the water is 


according to him 1 to 3 months, and the extraction of cholesterim is 
incomplete. 


2. Ether dissolves not only cholesterin, but bind quantities of 
lecithin, kephalin, myelin, protagon, fats, etc, and the subsequent 
separation of cholesterin from these substances involves several opera- 
tions. Further this separation is very incomplete, and Baumstark only 
obtained 35 per cent. of the total cholesterin contained in brain by this 
method. The rest is carried down with the precipitates of lecithin, etc. 
and can only be freed from them by the process of saponification, a fact 
which led Baumstark to assume the presence of cholesterin-ethers in 
brain (see following paper by Miss Tebb). G. Zuelzer® precipitated 
the phosphatides from their ethereal solution by means of acetone and 
effected in this way a more complete separation. 


Compare Gam gee’s Physiol. Chem. 1. p. 427. 1880. 
* Zeitsch. f. physiol. Chem. tx. p. 145. 1885. 
Ibid. xxvit. p. 255. 1899. 
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PREPARATION OF CHOLESTERIN. 105 


It is probably owing to these disadvantages that gall-stones are 
usually recommended for the preparation of cholesterin instead of the 
more easily obtainable brain. 

In the course of some work on the chemical composition of brain, it 
occurred to me that the previous removal of the water without the 
application of heat, and the subsequent extraction of the brain with 
a solvent which would only extract cholesterin would greatly facilitate 
the study and separation of the other constituents, The method finally 
adopted was incidentally found to be applicable to the preparation of 
cholesterin in large quantities. It briefly consists in the removal of 
water by means of plaster of Paris, and the subsequent extraction of 
cholesterin by means of acetone. Sheep's brain is passed through a 
mincing machine, and then mixed intimately with some sand and with 
about three times its weight of plaster of Paris. In the course of some 
hours the mass has set hard, and this is easily broken up into a coarse 
powder which lends itself readily to extraction. It is then treated 
repeatedly at room temperature with acetone. The first extract usually 
contains some water, and therefore less cholesterin. But from the 
second and third extracts the bulk of the cholesterin crystallises out in 
snowy-white crystals on spontaneous evaporation of the solvent, or on 
concentrating the extract by distillation. The cholesterin thus obtained 
is practically pure, and after recrystallisation from a mixture of alcohol 
and acetone (with the addition of a little charcoal) shows a melting 
point of 145—147°.C. and an optical activity in chloroformic —_ 
(a7) =— 36'6°) corresponding to that of pure cholesterin. 
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THE CHOLESTERIN OF THE BRAIN. 
By M. CHRISTINE TEBB. 


(From the Physiological Laboratory, King’s College, London.) 


THE statement that cholesterin in the brain occurs principally in the 
form of ethereal salts rests on the work of Baumstark’. He used ether 
as the extracting agent, and from the ethereal extract dissolved out the 
cholesterin by means of hot alcoho]. This deposited crystals of cholesterin 
on cooling. From the residue he obtained a further and larger yield of 
cholesterin after saponification. His conclusion that the second yield 
was due to the decomposition of cholesterin-ethers might, however, be 
incorrect, for it is equally possible that the cholesterin might have been 
held mechanically by the phosphorised substances eine lecithin i in his 
extracts. 

At any rate, it appereed to me worth while to investigate the 
question again. 

The method I seialeneds is that of Dr Rosenheim* who had 
applied it in the separation of cholesterin from sheep’s brain. In this 
investigation the human brain was employed. 

Water is removed from the finely divided brain substance by means 
of plaster of Paris; the powdered mixture is then extracted with 
acetone. The advantage of acetone is that lecithin and kephalin are 
insoluble in acetone. After the removal of all cholesterin by extraction 
with cold acetone, a further extraction with warm acetone yields a 
solution which on cooling deposits a pure-white crystalline phosphorus- 
holding substance giving the reactions of protagon. 

_ The extraction of cholesterin was carried out in an apparatus, which — 
allowed the tissue soaking in cold acetone to receive a fresh supply of 
acetone very slowly, the extract being siphoned off at the same rate. 
The extract was examined from time. to time for cholesterin, and 
extraction was continued until no more was obtainable. 


1 Zettsch. f. physiol. Chem. tx. p. 163. 1885. 
* This Journal, xxxrv. p. 104. 
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The earlier portions of the extract contained a considerable amount 
of water in spite of the previous treatment with plaster of Paris; these 
portions on distillation to remove the greater part of the acétone, 
yielded quite a small quantity of cholesterin. The bulk of the choles- 
terin was extracted from the brain tissue when this water had been 


_ removed; the extracts were concentrated, and the cholesterin which 


separated out was removed by filtration. The filtrate was again 
concentrated, and a further small deposit of cholesterin was obtained 


and collected by filtration; the mother liquor from this contained no 


more cholesterin, and consisted chiefly of oily matter derived probably 
from the connective tissue of the organ. From about 900 grammes of 
fresh human brain I obtained nearly 20 grammes of crude cholesterin. 
The specimens of cholesterin obtained in this way were purified by 
crystallising once from hot alcohol, and gave melting points between 


_ 142° and 145°C. The melting point of pure cholesterin is usually 


given as 145°, and I therefore concluded that I had no cholesterin- 
ethers in my preparations. 

Still cholesterin-ethers might be contained in the mother liquors 
which deposited the cholesterin, and in the alcohol used in its purifica- 
tion. These liquors were filtered.and the slochol evaporated off; a 
brown deposit occurred on cooling. The brown aqueous fluid was boiled 
with two volumes of alcohol and some potash, and after evaporation of 
the alcohol was, after cooling, shaken with ether. If any cholesterin-ether 
had been present, it would have been saponified by this treatment, and 
the cholesterin set free tacts have dissolved in the ether. I found 
none there. 

Further, the residues of oily matter, the brown deposits which 
appeared in the alcohol just mentioned, deposits in the watery extract, 
etc. were collected together and put into boiling alcohol, in which they 
dissolved. A few crystals separated out on cooling which had the 
appearance of cholesterin and melted at 142°C. The mother liquor 
was concentrated, and a little more of a similar crystalline material 
(melting point 1438°—144°) separated out. This was filtered off, and — 
the filtrate was oily in appearance. I added several volumes of absolute _ 
alcohol to it, and left it standing three weeks in a cold place. But as 
no further deposit of cholesterin appeared I finally boiled it with potash, 
added water and evaporated off the alcohol. The aqueous fluid was 
shaken with ether in a separating funnel. The ether extracted a small 
amount of crystalline substance, which on solution in chloroform did not 
give Liebermann’s reaction for cholesterin. 
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_. I think these experiments sufficiently prove that cold acetone 
dissolves no cholesterin-ethers from the brain. 

As however the cholesterin-ethers are more soluble in warm acetone 
than in acetone at room temperature, my next extractions were 
conducted at a temperature of 45° C., the whole water-tight apparatus 
being immersed in a tall vessel of water kept at that temperature. On 
cooling the extract thus made of the material which had already been 
thoroughly extracted with cold acetone, I obtained a pure-white 
crystalline substance, presumably protagon, which did not give 
Liebermann’s reaction ; nor did the mother liquor yield any substance 
which gave that reaction. - 


Extractions were finally made with boiling acetone which yielded — 


more protagon, but no substance that gave Liebermann’s reaction was 
found either in the deposit or in the mother liquor. 

On looking up the literature of the subject I find that Gamgee 
many years ago came to the conclusion that cholesterin exists preformed 
in the brain. He, however, gives no details of his experiments. 

During the time that my own work was in progress, a paper was 


published by Biinz'. In this he has anticipated me, and arrived at the — 


same conclusion. His method was to mix the brain substance with 
anhydrous sodium sulphate to absorb the water, and then to extract the 
dry powdered substance with ether. Acetone was added to the ethereal 


_ extract to precipitate lecithin and kephalin. The acetone-ether filtrate. 


- contained the great bulk of the cholesterin, which was purified by 
crystallisation from alcohol, and then had a melting-point of 142°C. 
His search for cholesterin-ethers led as mine have to a negative result. - 
He attaches great importance to the melting point determinations 
in ascertaining whether cholesterin is or is not contaminated with 
cholesterin-ethers. He states that when a mixture of cholesterin and 
cholesterin-ether in the proportion of 9 to 1 is crystallised from hot 
alcohol, the fitgt crop of crystals obtained have a melting point very much 
below that of pure cholesterin; in the case of the oleic ether, the crystals 
thus obtained melted at 36°C. 

In repeating these observations, I found that Biinz is correct in his 
general statement, but I have never obtained such extreme lowerings of 
the melting points. In mixtures with oleic ether in the proportion 
9 to 1 I found a lowering of only 10° to 15°C. In mixtures with 
palmitic ether in the same proportion, crystallised from a fairly large 
quantity of alcohol, I obtained a melting point of 73°—76° C. for the 

Zeitech. f. physiol. Chem. xuvi. p. 47. 1905. 
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CHOLESTERIN IN BRAIN. 109 
first crop of crystals, which is not far from a melting point of the pure 


He does not, however; state how much alcohol he used nor of what 
strength ; this is a factor which I have found is not negligible as the 
following details of my experiments show. 

I made some cholesterin oleic ether synthetically and found that its 
melting point was 40°—41°C. The palmitic ether I used was kindly 
prepared for me by Dr Rosenheim; its melting point was 78°C. 
4 These figures are almost identical with those previously ascertained by 
Hiirthle! (41°—42° and 78°C. respectively). 

4 _ I made a mixture of 9 parts cholesterin and 1 part oleic ether, and 
‘ff 7 dissolved half a gramme of this in about 17 c.c. of hot absolute alcohol ; 
| the crystals which separated out on cooling were dried in an evacuated 
desiccator over-night; a second crop of crystals, obtained by concen- 
f trating the first mother liquor, were similarly treated. The first crop of 
i crystals gave a melting point of 147°. The second crop began to melt 
at 130°, and were fully melted at 142°C. 
An exactly similar experiment with the palmitic ether yielded the 
. following figures, The first crop of crystals began to melt at 131° and 
: were fully melted at 135°; the second crop melted at 146° C. 

In my next experiment I used only half the quantity of absolute 
alcohol as solvent, and the melting points were as follows :— 

Mixture with 10 per cent. oleic ether, 


First crop 145°C, Second crop 130°—132° C. 

Mixture with 10 per cent. palmitic ether, 

First crop began to melt at 70°C. Second crop 147°—148° C. 

In my third experiment I employed one and a half times the 
volume of alcohol used in my first experiment, and the melting 
points were :— 

Mixture with 10 per cent. oleic ether, 

First crop 147°—148°C. Second crop began to melt at 126° O. 


1 Zeitsch. f. physiol, Chem. xxi. p. 835, 1895-6. 


palmitic ether (78° C.). 
P Biinz’s table is as follows :— 
Melting point of 
solution with tirst mother liquor 
q 10%, oleic ether 86° ©, 120°C. 
10 °/, palmitic ether 50° ©. 189°C. 
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Mixture with 10 per cent. palmitic ether, | 
First crop 73°-—76° C. Second crop 147°C. . 


I found that if I used twice the volume of alcohol that was used in 
my first experiment, no separation of crystals occurred on cooling the | 
mixture containing the oleic ether to room temperature. 

_ My figures are thus very different from those of Biinz. He obtained 
melting points which were always lower for the first crop, and lower 
even than those of the pure ethers. 

From my experiments it appears that in the mixtures used, a portion 
of the cholesterin crystallises out before any oleic other, and the palmitic 
ether crystallises out before the cholesterin. 

Variations in the melting point of this kind were never observed ~ 
with the cholesterin as I obtained it from the brain. Bitinz and I 
therefore agree in concluding that cholesterin-ethers are absent from 


this organ. 


GENERAL CONCLUSIONS. 


1. Only pure cholesterin is obtainable from the human brain when 
Rosenheim’s method of extraction is employed, No cholesterin-ethers 
could be detected. | 


2. Mixtures of cholesterin gave 
points lower than that of cholesterin itself, but the extreme — 
noted by Biinz was not observed. 


3. Cholesterin occurs as such in the coinciding 
with that of Ganges and Btinz, but — from that of 
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OBSERVATIONS ON DIET. The Influence of Diet on 


Growth and Nutrition. By CHALMERS WATSON, M.D. 
With an Appendix showing the Composition of the Several 

Diets. By ANDREW HUNTER, M.B,, BSc. a Figures 
and Sixteen Charts in the Text.) 


(From the Phystological Laboratory of the University of Edinburgh.) 


CONTENTS. 

| PAGE 

The influence of a meat diet on the progeny 
The recuperative power of a normal diet . 


General summary of results. Commentary. . 


Introduction. In the Proceedings of the Physiological Society, 
1904, the author records the results of some observations on the influence 
of a raw meat diet on the thyroid and parathyroid glands in healthy — 
fowls. The investigation showed that the prolonged administration of 
raw meat to healthy fowls induces profound alterations in the structure 
of these glands,—alterations which indicate a type of activity of the 
gland different from that obtaining in fowls fed on ordinary diet. 

_ Ina later paper communicated to the Society the author recorded the 
results of a preliminary investigation on the influence of the same diet 
on rats, the feeding experiments in this instance being carried out for 
periods varying from a few weeks to a few months. The results 
confirmed those recorded in the case of the healthy fowls,.in so far as 
they showed that the administration of a flesh diet was, in the 
majority of the animals, followed by a structural change in me thyroid 


gland. 


This evidence of structural change in the thyroid and ecamiiyeold 
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glands under a meat diet suggested the advisability of repeating the 
observation on a larger scale. Accordingly we have during the past 
twelve months made a series of observations on the influence of diet on 
growth and nutrition. The subjects of experiment have been rats and 
cats. The results are given here, later we propose to deal with the 
effects on the structure and functions of different organs. 


Description of the Diets. 

For the analysis and heat value of the several diets see Appendix. 

_ The diets used were five in number. 

A. Rice. Two measures of Rangoon rice were boiled for half-an- 
hour with two-and-a-half measures of water. Common salt was added 
in the proportion of 9 grms. of salt to 430 grms. of rice. This was 
found, by experiment, to be enough to render the food palatable. All 
_ the water was absorbed by the rice grains, : 

B. Porridge. Two measures of Midlothian pinhead oatmeal were 
boiled with one of skimmed milk and one of water, salt being added in 
the same Proportion as with the rice diet. This formed the porridge of 
the experiments. 

C. Horse-flesh. This consisted of the lean thigh muscles of sound 
horses, It was bought in large quantities at a time, and therefore 
remained of nearly constant composition throughout the experiments. 
It was kept in-the frozen condition, and thawed and minced in small 
quantities as required. Only four different horses were used for the 
whole supply of meat. 

D. Oza-flesh, This was moderately fat, fresh, minced meat supplied 
from day to day by the butcher. It necessarily varied considerably in 
composition from time to time. An analysis of the different supplies 
showed that they varied by as much as 20°/, in the relation of fat to 
proteid, while the horse-flesh never showed so much as 4°/, of difference. 

E. Bread and milk, 700 grms. of bread-crumb without any crust 
were mixed with 1000 c.c. of skimmed milk. The result was a diet 
consisting of bread with just as much skimmed milk as it would soak up. 
No salt was added in this instance. This is the control diet of the 
experiments, 


The quantity of food was not restricted, the animals being given as 
much as they would eat. 


Along with the first four diets water was allowed ad libitum. 
None was given with the bread and milk. 
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Eaplanation of the Charts. 


In each chart the ordinate gives the average weight of the animals 
: in grms., the abscissa, the interval in days at which the weights were - 
_ taken. 
Q The dark line = the average weight of the rats on the special diet. 
The light line =the average weight of the rats on the control diet 


(bread and skimmed milk). | 
The arrows indicate deaths. 

Rice Diet. 
bi A. The influence of rice diet on fourteen young rats aet. 
a Fourteen young rats of an average weight of 75 grms. were placed on 
a _ the rice diet. Eight control rats of an average weight of 65 grms. were 
2 placed on a diet of bread and milk. Within 24 months all the rice-fed 
A subjects succumbed, with the exception of two which were withdrawn 
5 and used for another observation referred to later (p. 126). 
=| Chart 1 gives a record of their average weights at intervals of a 
fortnight. 
110 
100 

70 

60 

50 
’ Chart 1. The influence of a rice diet on young rate. 
4 Various symptoms of ill-health were observed in nearly all the rice- 


fed subjects, notably an increase in the rate of respiration, roughness of 
the skin with undue prominence of the hairs, and a curious rigidity of 
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the gait with arching of the back. The after-history of two out of the 
fourteen rice-fed animals is given later. | 
This result clearly proves that in the case of young rats about 2} 


‘ months old the administration of an exclusive rice diet completely } 


arrests growth and _—* leads to a fatal termination. 


B. The: tnftuence of vice dist on ton vate 


Ten rats, apparently full grown, of an average weight of 210 grms. 
were placed on an exclusive rice dietary; six animals of an average 
weight of 190 grms. being employed as control bread-and-skim-milk 
‘subjects. The results were as follows. Nine of the ten rice-fed animals 
lost weight markedly and succumbed within two months; their weight 
curves, along with those of the control series, are given in Chart 2. 


Chart 2. The influence of @ rice diet on adult rats, == 
The tenth animal was an exception. At the end of the two months this 
subject appeared in good health and had slightly increased in weight 
(from 200 to 210 grms.). It succumbed after four months of the diet, 
its weight then being 150 grms. The clinical symptoms observed in the 


adults were similar in character to those recorded of the younger animals. 


The skin of the animals was harsh and dry, the hair presenting a rough, 
wiry appearance : the respirations were increased in rate, and the gait 
of the animals was peculiar, the back being arched and the feet being 
put down in a quasi-spastic manner. These symptoms were, however, 
less marked than in the case of the younger subjects. 

This result shows that the administration of an exclusive rice diet 


is speedily fatal to adult rats, the animals succumbing, as a rule, 
within two months. 
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O. The influence of a rice diet on castrated female rats’. 


Five castrated feniale rats aet. approximately six months, of an 

average weight of 152 grms., were placed on an exclusive rice diet. 

Under this regimen the animals at first lost weight slightly ; thereafter 

they fully maintained their weight. Chart 3 gives the weight curves 

for a period of five months: at this date one of the animals had 

succumbed, the others were alive and in fair condition. A blood 

examination of one of them, kindly made for me by Dr E. Matthew, 

.; showed 6,500,000 k.B.c. and 9,500 w.B.c., a record equal to that of 

Ee several control subjects of the same age. In three animals there were 

re indications of disturbed nutrition, especially in the cutaneous system, 

but these were remarkably slight in comparison with those observed in 

the younger and older series (Exps. A and B). It was observed that the 

total bulk of food consumed was proportionately smaller than in the 
case of the entire rats. 


Bd The result of this experiment shows that the five castrated female 
a ratg reacted to the diet in a different manner from (1) the young 
| animals (Exp. A), and (2) the full-grown adults (Exp. B). The question 
eB then arose as to whether their toleration of the diet was to be attributed 
s to the effects of the previous removal of the ovaries or was directly 
it associated with the age of the animal. An attempt was made to solve 
4 this question in the following way. Three young female rats with 
4 ovaries intact, of an average weight of 140 grms., were put in the same 
a __eage and kept under exactly similar conditions until the conclusion of 
| “the observation, 4 months later. Two of these succumbed in the third 
a month (see Chart 3). The remaining animal had lost 15 grms. in 
Me weight and showed a moderate amount of respiratory embarrassment. 
a: These facts appear to indicate that the toleration of the diet observed 
i in the case of the castrated rice-fed rats was associated with the absence 
of the ovaries. 

Chart 8. The influence of rice diet on castrated female rats. 


1 These were given to me by Dr F. H. A. Marshall and Mr W. A. Jolly. 
8—2 
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116 ©. WATSON AND A. HUNTER. 
Porrinez Diet. 
A. The influence of a porridge diet on very young rats. 
Observations were made on three different litters. In the first group 


three of a family of 12 rats, exactly one month old, were placed on the 
porridge diet, three of the same litter being fed on bread and skim-milk. 


In a family of seven, three were placed on porridge and one on bread 


and milk, the smallest member of the litter being taken for the control. 
In this instance the feeding was begun when the animals were 18 days 
old. In a third litter of four, one was fed on porridge and one on bread 


and milk, these subjects being five weeks old at the commencement of © 


the observation. 
The results may be-summarised. All the seven porridge-fed rats 
died within seven weeks, the control subjects being then alive and 


apparently in perfect health. Chart 4 gives the records of the weights 


and dates at which the porridge-fed animals succumbed. The chart 


shows that the animals gained appreciably in weight, this increase being 


maintained up to the time of death. The animals were in poor 
condition, the most marked symptom being an enlargement of the 


abdomen. The results show that porridge diet is fatal to very young 


rats. 
0 14 28 49 0 14 29 14 2 


Chart 4. ‘The influence of a porridge diet on very young rats. 


B. The influence of a porridge diet on young rats aet. 
approximately 24 months. 
Fourteen young rats @t. approximately 2} months were placed on 


a porridge diet, eight control subjects of the same age and weight being 
fed on bread and milk. Of the fourteen porridge-fed rats, seven were 
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males, seven females: of the eight controls, five were males, and three 


_ females. The results may be summarised. All the porridge-fed animals, 


with the exception of two that were withdrawn and are later referred 
to, succumbed within five months: none of the females became pregnant. 
The controls were then alive and well, and all three females had borne 
litters. The clinical symptoms observed in the porridge-fed rats were : 
accelerated respiration often accompanied by dry and moist sounds, 
which were audible a considerable distance away, also dry skin and 
a tendency to the development of a “ pot belly.” These symptoms were 
present in varying degrees, the respiratory trouble being very pronounced, 


and practically universal during the third month. The weight curves 
are given in Chart 5. 


Chart 5. The influence of a porridge diet on young rats. 


From these results we conclude that the porridge diet is inimical to 
the growth and nutrition of growing rats et. approximately 24 to 3 
months, and that the diet is unfavourable to the development of 
pregnancy. 


C. The influence of a diet of porridge on adult rats. 


The influence of a diet of porridge on adult rats was tested on eight 
apparently full-grown «subjects, six bread and milk-fed animals being 
used as controls, The result, shown in Chart 6, was as follows. Two 
of the eight porridge-fed rats died, one on the 10th day, the other after 
four months. The former was pregnant and apparently near full 
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term : : the latter lost 70 grammes in weight in the course of the 4 


experiment. 
0 


Chart 6. The influence of a porridge diet on adult rats. 
The upper line is the average of two, the lower line the average of six rats. 


The remaining six animals were alive and in fair, but not perfect, 
condition at the end of five months. Their weight had been well 


maintained, their skin was, however, rougher and drier than in the control 
subjects, and in some of them there was a slight increase in the rate of a 
respiration. 
This observation admits of the general conclusion that sdall rats i 
can, in the majority of instances, live for prolonged periods and maintain iS 
their weight on the porridge diet. — 2 
D. The influence of a porridge diet on castrated female rats. E 
Three castrated female rats a. approximately six months, of an S 


average weight of 160 grammes, were placed on a porridge diet. Two — es 
castrated rats of an average weight of 140 grammes were used as 
control subjects (bread and milk diet). One of the porridge-fed animals 
died in 8 days, having lost in that period 30 grammes in weight. 
(As the original weight of this animal was only 120 grammes it is 
possible that this animal was younger than the rest of the series.) The 
remaining two rats appeared to thrive very well on the diet. At the 
end of five months the animals appeared to be in good health. Their 
skin was smooth and natural-looking, and with the exception of an 
appreciable increase in the rate of respiration in one subject, the 
general condition appeared normal. The average weight of the two y 
increased by 20 grammes, the average weight of the controls being 4 
increased by 65 grammes? (Chart 7). | : 


The wih of gen in ta the pot mortem 
showed that the operation in one had been incomplete. 
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These results form a contrast to those obtained in the case of the 


younger more actively growing subjects. os are in accord with those 
obtained from the adult entire rats. 


5443.3 


Chart 7. The influence of a porridge diet on castrated female rats. 


Dark line=average of 8 castrated rats, porridge fed. _ 
Faint line=1 castrated rat, control fed. 
Dotted line=1 rat (with one ovary), control fed. 


HORSE-FLESH. 


A, The influence of a diet of horse-flesh on very young rats. 


Eleven animals from five litters were fed on horse-flesh, eight rats 
from the same litters being used as controls (bread and skim milk diet). 
Eight of the eleven meat-fed animals succumbed after a few weeks of 
the diet, the remaining three died within 4 months. The control 
subjects lived and thrived. The sin curve of one meat-fed subject 
is not included in the chart. | 

These results, which are graphically represented in Chart 8, pioed 
that a diet of horse-flesh arrests the growth of, and is ev fatal to 


very young rats. 
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Chart 8. The influence of a horse-flesh diet on very young rats. 


B. Influence of horse-flesh on young rats et. approwimately 
24 months. 


Fourteen young rats about 24 months old were placed on a meat 
diet, eight control animals of a similar age and weight being fed on 
bread and skim milk. Six of the meat-fed subjects succumbed on the 
third day. On the morning of this day the rats appeared to be in their 
usual health. An hour after feeding one of them was lying on its side 
apparently unconscious. In a few minutes others were affected. They 
appeared to be paralysed, they felt cold to the touch, exhibited symptoms 
of tetany, and speedily became unconscious. Six succumbed within 
half-an-hour. Of the remainder some showed similar symptoms, although’ 
in a less degree, and they recovered when the diet was changed to bread 
and skim milk. After two days of the normal diet the remaining rats 
(five males and three females) were again placed on an exclusive horse- 
flesh diet. Under this regimen they now gained weight as shown on 
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Chart 9. They exhibited symptoms of deranged nutrition such as 
accelerated and noisy respiration with tendency to “pot belly,” but 
these symptoms were in the majority of animals recovered from. The 
females became pregnant and gave birth to four litters. 
At the end of the 8th month five of the animals were alive and 
in apparent good health, their average weight, however, being below the 
normal (Chart 9). 


ses8 tes 


Chart 9. The influence of a horse-flesh diet on young rats. 


The results of this observation may be summarised as follows: 


(a) An exclusive horse-flesh diet was fatal to about 50 per cent. of 
young rats wt. 24 months, death occurring within a few days with 
symptoms of acute toxic poisoning. 


(6) In the remaining 50 per cent. the animals became accustomed 
to the diet and appeared to thrive on it, but their growth was perma- 
nently stunted, the maximum weight of the horse-flesh fed being 
distinctly below the control bread and skim milk fed subjects. 


(c) The use of this diet in animals of this age appears not to affect 
the supervention of pregnancy. 
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O. The effect of horse-flesh diet on adult rats. 


Nine adult rats of an average weight of 210 grms. were put on 
an exclusive horse-flesh diet on the 27th March. On this-diet their 
weight was well maintained (see Chart 10). Two succumbed in 


Chart 10. The influence of a horse-flesh diet on adult rats. 


5 months, the remainder being then in fair, but by no means perfect 
condition, the most striking abnormality being the rough condition of 
the skin. In some cases the rate of respiration was increased, this 
symptom varying in severity from time to time. The general result of 
this observation shows that the exclusive horse-flesh diet maintains the 
body weight of adult rats in the majority of cases (7 out of 9); and also 
that the general nutrition of the flesh-fed animals was below that of the 
control bread and skim milk-fed subjects. 


D. Influence of horse-flesh diet on castrated female rats. 


Five castrated female rats of an average weight of 158grms. were placed — 


on a diet of horse-flesh on the 28th March. The animals maintained 
a fair nutritive equilibrium for 3 months, subsequently two died in the 
_ 4th, and two in the 5th month, Chart 11. A control castrated subject, 
fed on bread and milk, gained in weight to a marked degree as shown 
on Chart 7. It thus appears that castrated female rats are less tolerant 
of an exclusive meat diet than adult non-castrated subjects. 


Chart 11. The influence of a horse-fiesh diet on castrated female rats. 
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Ox-FLESH. 


A. The effect of an oa-flesh diet on very young rats. 
Fourteen young rats from five litters, newly weaned, were placed on 
an exclusive ox-flesh diet, eleven rats from the same litters being used 
as controls (bread and skim milk diet). Five of the meat-fed animals 
succumbed within 4 months, their weights and date of death being 
indicated on Chart 12. The remaining nine animals lived and appeared 


Dates 0 8 % 39 0 14 29 45 59 0906192102 014285283106 0 Si 62 103 
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Chart 12. The influence of an ox-flesh diet on very young rats. 


to thrive, but they gained in weight less than the controls. Two 
representative photographs are given. These show the relative size of 
two male rats of the same litter after being fed for 3 months on bread 
and skim milk (Fig. 1a) and ox-flesh (Fig. 1b) respectively. The general 
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appearance of these nine ox-flesh-fed subjects was in all respects normal: 
it was, however, observed that some of them moved about in a less 
lively manner than normal animals. 

In the meat-fed animals (litters 4 and 5) four were females, and 
although kept with males none of them became pregnant, whereas of 
the three control females from the same litters all bore litters. These 
results admit of the following conclusions. 

(a) Very young rats, newly weaned, can in the majority of cases 
live and thrive on an exclusive ox-flesh diet ; their growth is, however, 
retarded by this dietary. : 

_ (6) An ox-flesh diet interferes with the development of pregnancy. 


Fig. 1. 


B. The effect of an o«-flesh diet on young rats wt. 24 to - 
| months, 


3 


Eight rats of an average weight of 65 grms. and approximately 2} 
months old were fed on an exclusive ox-flesh diet: four subjects of 
similar age and weight being used as controls. The meat-fed animals 
thrived and were with one exception alive and in apparent health after 
6 months of this feeding. They gained in weight more than the 
controls (see Chart 13). With the exception of four which became 
inordinately fat, all the meat-fed subjects appeared to be in perfect 
condition throughout Che whole period of observation. 
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Chart 13. The influence of an ox-flesh diet on young rats. 


THE EFFECTS OF A MEAT DIET ON PREGNANCY AND LACTATION. 


_ We have already submitted evidence bearing on this subject. It 
has been shown that when an ox-flesh diet is commenced at a very 
early period of life pregnancy does not supervene as in animals on 
a normal diet. Some further points of interest are supplied in the — 
following record of one animal which had four litters in 1905. This 
animal, on a bread and skim-milk diet, had a litter of 9 on 22nd April. 
This litter lived and thrived. After weaning, the mother was trans- 
ferred to an exclusive horse-flesh diet. Pregnancy supervened and 
a second litter also of 9 was born on 13th June. None of the 2nd litter 
survived longer than 2 months. The horse-flesh diet was continued and 
a third litter 6 in number was born on 30th July. These succumbed — 
within 1 month. The mother was then transferred to the normal 
bread and skim-milk regimen, and while on this diet a fourth litter 8 in 
number was born, all of which lived and thrived. In this and other 
meat-fed subjects it was observed that the mammary glands were less 
than in bread and milk-fed rats. 


“Tar INFLUENCE OF A MEAT DIET ON THE PROGENY. 


The progeny of meat-fed rats are usually poorly developed and sine 
a high mortality in early life. Some statistics on this point are given 
in the table. Of 98 rats born of meat-fed parents (ox-flesh and horse- 
flesh) 19 (20 per cent.) were alive at the end of 2 months: of 97 rats. 
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born of bread and milk-fed rats 82 (84 per cent.) were then alive and in 
apparent health. The state of development of the progeny of bread 
and milk-fed rats (Fig. 2a) in comparison with that of meat-fed subjects 
(Fig. 2 b) is illustrated in Fig. 2 for animals six weeks old. 


‘Fig. 2. 


_. One of the thirteen meat-fed litters (an ox-flesh litter) was a 
striking exception to the general rule. When 2 months old this litter, 
nine in number, appeared in perfect health, their mennge weight being 
quite up to the normal standard. 

The high mortality in early life of the second generation of meat- 
fed rats is probably due in great part to the defective power of lactation 
in the mothers. 


THE RECUPERATIVE POWER ON A NORMAL DIET. — 
(a) In the first generation. In the description of the experiments 


on fourteen young subjects at. approximately 24 months, it was stated — 


that the after-history of two rats fed on rice, horse-flesh, and porridge 
would be given later. These six subjects were taken as the bases for 
two observations on the influence of a bread and milk diet on young rats 
which had deteriorated in health in consequence of having been fed for 


respectively. 
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A. After the primary observation had been in progress for five 
weeks and the natural course of events in each group had been deter- 
mined (see charts), an average representative of the rice-fed, flesh-fed, 
and porridge-fed animals was taken and put on a diet of bread and 
sweet milk, the amount of each being unrestricted. This was done on 
June 4th. At. this time the animals showed marked evidence of — 
retarded growth and a considerable degree of respiratory embarrassment- 
The change of diet was immediately followed by a marked increase in 
the rate of growth, this being pronounced in all three cases (Chart 14). 
The improvement in the general condition of the animals was associated 
with an improvement in the respirations, which became less frequent, 
less noisy, and with fewer accompaniments, The subject which was 
originally fed on rice died after five weeks of the new diet, the other 
two were alive and in fair health in the middle of October. It has to be 
noted, however, that their average weight in October was 136 grms., 


considerably less than the average of a healthy bread and milk-fed 
subject of the same age. 


8 8 


Chart 14. The effects of a bread and sweet milk diet on young tats 
previously fed on an abnormal dietary. 


‘The curves represent the weights of 8 young rats that were fed on porridge, 
riee, and horse-flesh respectively for 5 weeks and were then transferred 
on 88th day to a bread and sweet milk diet. 


The results of this observation showed that the change of diet to 
bread and sweet milk in all three subjects was followed by a rapid and 
marked improvement in the general condition: and also by a marked 


improvement in respiration. The recovery from the respiratory embar-— 
rassment was, however, not complete. It also showed that the growth 
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of the animals had been permanently stunted by the use of the abnormal — 


diet in earlier life. 
B. With the object of testing the immediate results observed to 


follow the change of diet, another animal was taken from each group 


and fed on the control diet of bread and skim milk. Chart 15 shows 
the record of weight of these animals for the period of six weeks during 
which they were fed on rice, porridge, and horse-flesh diet respectively, 
and thereafter on the control diet. The condition of the rice-fed 
subject when removed was such that our experience led us to believe 


that it could not live more than, at the outside, one or two days longer 


on that diet. 
0 8 98 48 5S 73 81 164 
140 | 


Chart 15. The influence of a bread and skim-milk diet on young 
rats previously fed on an abnormal dietary. _— 


‘The rats that were fed on porridge, 
rice, and horse-flesh respectively for six weeks and were then (48th day) 
transferred to a bread and skim-milk diet, 


After the change of diet there was a rapid and immediate improve- 
ment in the condition of all three animals. The result was even more 
striking than in the case of the three animals whose diet had been 
changed to bread and sweet milk (see chart). All three animals were 


alive and in fair condition in the middle of October, their average weight 


at that time (138 grammes) being, however, below the normal. — 


(b) In the second generation. The recuperative | power in the second 
generation of meat-fed rats was tested in four animals, taken from two 
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litters, other four animals from the same. litters being employed as 
controls. The eight after weaning were kept on a horse-flesh diet for 
_ two weeks; in this period their weight was little more than maintained 
(see Chart 16). Two from each litter were then transferred to a bread 
and skim-milk dietary, the remaining four being kept on the horse-flesh 
diet. All four meat-fed subjects succumbed in two to three weeks, the 
four transferred rats living and gaining in weight in the striking manner 
‘shown on chart. 
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Chart 16. Recuperative power in 2nd generation of meat-fed rats. 


Faint line=average of 4 meat-fed rats, 2nd generation transferred to bread 
and skim-milk diet (on 15th day) when 6 weeks old. 
Dark line =average of 4 from the same litters maintained on the meat diet. 


GENERAL SUMMARY OF RESULTS, 


Rice diet. In young rats wt. 24 to 3 months a rice diet arrests 
growth and leads to a fatal issue within three months, Full-grown 
- adult rats lose weight rapidly and die, usually within two months. 
Castrated female rats maintain their weight on this diet. 
| Porridge. In very young rats newly weaned a diet of porridge 
retards growth and is uniformly fatal, the animals dying within 8 weeks. © 
In young animals wt. 2 to 3 months the same result is observed, 
the rats succumbing within four months. Adult rats and also 
castrated female rats maintain a fair nutritive —o * on this 
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_ Horse-flesh. In very young rats newly weaned a horse-flesh 
diet arrests growth and is, like the porridge diet, invariably fatal. In 
young rats wf. 2 to 3 months a mixed result is obtained : a number 
die very early in the observations with symptoms of acute poisoning, 
others become accustomed to the diet and appear to thrive on it. Their 
growth is, however, retarded. The development of pregnancy is not 


interfered with. Adult rats maintain their weight on this diet. 


Castrated female subjects maintain their weight, but 4 out of 5 died 
in the fifth month. : 

Oa-flesh. In very young rats newly weaned a mixed result is 
obtained with an ox-flesh diet. Five out of 14 died, the remainder lived 
and appeared to thrive. Growth is, however, retarded, the maximum 
weight being distinctly less than in the control bread and skim milk-fed 
subjects. The female rats fail to become pregnant. In young rats 
et. 2 to 3 months this diet appears to promote growth, the animals 
attaining a greater weight than the control series. 

Influence of a meat diet on pregnancy. In very young animals 
newly weaned a meat diet interferes with the development of pregnancy. 
In young an imals et. 2 to 3 months and in adults pregnancy super- 
venes as in normally fed rats. 


Influence of a meat diet on the progeny. There is a high mortality 


in the progeny of meat-fed rats. The death rate is high in the first 
week of life, this being due to defective lactation. Of those that 
survive for a few weeks, the majority are puny and ill-developed 
and die in the second or third month. In a small proportion of cases 
(1 litter out of 13) the general appearance and weigbt of the rats at the 
age of 2 months is in all respects normal. 

Recuperative power. The results of the special observations on this 
point prove that there is considerable recuperative power in animals 
under a normal diet that have deteriorated in consequence of having 
been fed on an unphysiological dietary for some time during the growing 
period. This power of recuperation under a physiological diet is also 
_ marked in the second generation of meat-fed animals. 


COMMENTARY. 


Some interesting facts are brought out by these observations. The 
low proteid value of the rice dietary in all probability explains the 
effects of this diet in young and adult rats. The toleration shown by 
the castrated rats wie an exclusive rice diet suggests that the minimum 
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amount of proteid required is less in castrated rats than in subjects 
whose ovaries are functionally active: a fact which may have a bearing 
on the increased anabolism which often occurs after the menopause in 
the human subject, and may further be of value in establishing a 


relationship between ovarian secretion and proteid metabolism'. 


With regard to the effects of the porridge diet, attention is directed 


to the widely different results obtained from the use of two diets— 


porridge and bread and skim milk—which have essentially the same 


_ chemical composition (see Appendix). It is clear that this difference is — 


not dependent on the chemical composition of the food, It must depend- 


on other factors, the chief of which is in all probability the digestibility 


of the food. As adult rats are able to maintain a fair nutritive equi- 
librivm on this diet, we are inclined to attribute the unfavourable effects 
of the porridge regimen in the younger animals to a deficiency in power 


of their digestive juices. 


In the meat-feeding experiments it is noteworthy that horse-flesh 
was found more injurious than ox-flesh, especially to young animals. 
There is, of course, a notable difference in the composition of these diets, 
horse-flesh containing more proteid and less fat than ox-flesh. There is 
also a striking difference in the character of the excretion on the two 
diets, the feces from a horse-flesh diet being long, dry, and stringy, 
while the fzeces from ox-flesh are in the form of pellets. This alteration 
in the character of the fecal excretion suggests that there may be a 
difference in the digestibility of the ox-flesh and horse-flesh, the latter 
being less digestible, and, as in the case of porridge, the digestive juices 
in young animals may be less well adapted for dealing with it. 

The deleterious effects of an ox-flesh diet on pregnancy, on lactation, 
and on the vitality of the offspring of meat-fed animals have a direct 
bearing on the problem of physical deterioration. The observations on 
the recuperative power of animals on a physiological diet are of interest 
in the same connection’. 


1 We have recently obtained a suggestive confirmation :—Five castrated female rats 
were placed on a rice diet on November 80th. In a fortnight one of these showed marked 
symptoms of impaired nutrition, the symptoms being similar to those recorded of the non- 
castrated subjects, Eight days later this animal died. At the post-mortem examination 
it was found that the operation had been incomplete, one ovary having been left. 

2 The expenses of this research have been defrayed by grants from the Moray fund of 
the University and from the Carnegie Trust. 
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APPENDIX. 


For analysis each diet was thoroughly dried in vacuo over sulphuric 
acid. ‘The-water content was determined from the loss of weight. The 
nitrogen was estimated in four to six samples of each diet by the method 
of Kjeldahl: the proteid was calculated by means of the factor 6°2. 

The fat of three to five samples was determined by the Soxhlet 
apparatus: “fat” in the tables means therefore “ether extract.” 

The ash was estimated by incineration in platinum capsules. | 

The figures under the heading “carbohydrate” are obtained by i 

' difference. The term is therefore somewhat inaccurate, and includes 
small quantities of substances not of carbohydrate nature. In particular 
it includes the cellulose and woody constituents of the vegetable diets. - 
These amount, according to various observations, to about ‘7 ‘h of dried 
rice, 5 °/, of dried bread, and 1°1 °/, of dried oatmeal. 

After the analysis was complete the physical heat-value of each diet 
was calculated from the figures obtained. This calculation was made 
on the basis that the heat-value of proteid is 5-0 kilocalories per gramme, 
of fat 9°5, and of carbohydrate 4-1, A further calculation was made of 
the physiological heat-value, that of proteid being taken as 4:1. 

Finally, the physical heat-value was directly measured by means of 
the bomb calorimeter. It will be seen that the values got in this way 
agree (except.in the case of horse-flesh) very closely with those obtained 
indirectly from the chemical analysis. 

Physical Heat-value 


‘Dried foods «= Carbohydrate. Ash Observed 
Horse-flesh 81°62 14:27 170 5506 (5640 

* Ox-flesh 49°80. 46°48 1:50 2-22 6967 6896 vise 
Rice 765 108 88°76 257 4098 4055 
Porridge 16°11 824 7215 8-50 4546 4610 4401 
Bread & Milk 18-50 441 78°10 8°94 4841 4305 4176 


In the following table the water percentage is given, and the other 
constituents of the moist diets are calculated therefrom. 


Undried foods Proteid Fat Carbohydrate Ash Water . 
Horse-flesh 18°94 8°31 0°39 0°56 
Ox-flesh 19°07 17°80 0°58 0°85 61°7 
Rice 4°08 0°57 46°78 1°82 47°8 
Porridge 7°59 3-88 33-98 52°9 
Bread & Milk 5°70 | 1°36 22°52 121 69°2 . 


It must be remembered that additional water ad libvtum was 
with all diets except bread and milk, 
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‘THE CHEMICAL MECHANISM OF GASTRIC SECRE- 
TION’. By J.S. EDKINS. (One Figure in Text.) 


(From the Physiological Laboratory of 8. Bartholomew's Hospital.) 


| Preface. The earliest phase in the process of gastric digestion has 
i been shown by Pawlow and his pupils to be chiefly dependent upon a 
4 psychic condition resulting in nervous impulses passing by the vagi to 
a the gastric glands and bringing about their activity. This form of 
a secretion is comparatively transitory and the later stages are regarded 
- as due to certain exciting substances, present in the food or formed in 
a4 the early stages of the digestive process, acting on the peripheral end- 
ge apparatus of the sensory nerves of the stomach and thereby evoking a 
reflex secretion of the juice. Direct stimulation of the glandular 
~ mechanism by means of the exciting substances becoming absorbed is 
thought by Pawlow to be very improbable though difficult to actually 
disprove. | 
; Since the work of Bayliss and Starling, which showed that the 
4 pancreas could be caused to secrete without the intervention of any 
t nervous mechanism but simply by the direct exciting effect of something 
b _ which could be introduced into the general circulation in the process of 
absorption from the alimentary canal, it has of course been possible that ° 
the so-called chemical secretion of the stomach might be explained in a 
similar manner. Certain substances absorbed in the stomach might in 
the process of absorption extract from the gastric mucous membrane 
certain chemical principles which when introduced into the blood stream 
would finally act as specific excitants of the flow of gastric juice. 

The problem involved a consideration of (1) what substances, when 
absorbed, would be most potent in introducing these chemical excitants 
into the circulation, and (2) what part of the alimentary tract would be 
the most probable path for the absorbed substances to take. 

In connection with the first part of the problem it suggested itself _ 


1 Some of the more important facts embodied in this paper were published in a 
preliminary communication to the Royal Society in May 1905. 
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that just as gastric digestion was preparatory to pancreatic secretion, 
particularly in respect of the production of the acid necessary for the 
development of Bayliss and Starling’s secretin, so the changes brought 
about in salivary digestion or early gastric digestion might lead to the 
formation of substances which had particular influence in the develop- 
‘ment of some gastric secretin. 
In connection with the second part of the problem it was assumed 
that generally no marked exodus of gastric digestive products into the 
- duodenum would occur before the chemical secretion became established. 
The absorption leading to any introduction of a gastric secretin must 
therefore take place mainly in the stomach itself. It has been shown 
by v. Mering and myself that no absorption of water occurs ordinarily 
in the stomach. v. Mering has further proved, however, that glucose 
and peptone amongst other digestive products are absorbed. The path 
of this absorption is at first sight somewhat difficult to locate. But 
though it may be difficult to understand how a process of absorption 
can occur in any part of the stomach, still the difficulty is by far the 
greatest in respect of the fundus glands. It seemed therefore desirable 
to test in the first place the simple glands of the stomach, such as are 
found in the pyloric region or in the true cardiac region of such animals 
as possess that region at all developed’, to see if they would yield an 
extract which on injecting intravenously would lead to any alteration 
in gastric secretion. The method adopted and the results of the different 
experiments as regards gastric secretion is as follows. 


Method. When investigating the absorption of water in the 
alimentary canal, I was able to show that normal saline solution 
introduced into the stomach would remain for a prolonged period 


(1—2 hours) unabsorbed, and without change in reaction. At no time 


did I find any evidence in the normal animal of a secretion of the 
smallest perceptible quantity of acid. Adopting in the present experi- 
ments therefore a similar procedure to that which was used then, I 
first ligatured the cardiac orifice of the stomach, and introduced a 
cannula, through the duodenum, into the pyloric end, tying this in at 
the level of the pyloro-duodenal junction. The ligature at the pyloric 
end was passed beneath the peritoneum so as not to interfere with any 
large blood-vessels. That at the cardiac end was tied sufficiently tightly 


1 I wish to point out that I have adopted the stricter nomenclature of reserving the 


term cardiac region for that part of the stomach nearer the cardiac orifice which possesses 
simple glands and describing as fundus region that part which p es compound glands 
containing both central and parietal cells. 
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to physiologically sever the vagus fibres. The cannula was connected 
with a reservoir of normal saline solution in such a way that the amount 
passing into the stomach could be measured, and either a known 
quantity was first passed into the stomach or the stomach was dilated 
to its full capacity by the saline solution being supplied at a certain 
pressure. In the following experiments the animals were almost 
invariably used in the fasting condition and the effects are*much more 
evident in this state. The extracts were made either from the stomach | 


' of the cat or the pig and were injected into the animal under experi- 


ment through the jugular vein. 

The animals were anesthetised at first with chloroform only, and 
during the progress of the experiment the anesthesia was maintained 
by a mixture of chloroform and ether (2: 3). As much of the abdominal 
contents as projected through the incision were covered with flannels 
wrung out of hot water. 

At the end of the different stages of the experiment the normal 
saline solution was removed and tested for hydrochloric acid and in 
many cases pepsin. 


THE EFFECT OF INJECTING EXTRACTS OF DIFFERENT REGIONS OF 
THE STOMACH UPON GASTRIC SECRETION, 


_ Watery extracts of mucous membrane, The result of injecting an 
extract made by exposing the scrapings of the mucous membrane to the 


action of simple tap-water are not invariably the same. Frequently no 


evidence of secretion is obtained, sometimes a small amount of secretion 
results, but at no time does any important degree of gastric secretion 
appear. 


Extracts of different: regions of the stomach made in dextrin (5 p.c.). 
The extracts in these experiments were made by stripping off the pyloric 
mucous membrane, chopping it finely and then pounding it up in a 
mortar with sand. The mass resulting was shaken up with 50 c.c. of 
5 pc. dextrin solution (Schuchardt’s pure dextrin) and after standing 
for some time was filtered. _ 

An illustrative experiment is recorded. 15 

Cat, fasting for about 12 hours. Peepenation: as given under ‘ Method.’ Washed out 
stomach by pyloric cannula with warm normal saline, a small amount of gastric contents 
removed. Stomach then connected with N.8.8. of 
liquid. On removing clamp 166 0.0. passed into cavity. 
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reservoir = A. 
4.55. Reconnected with reservoir, passing in about 184 c.c. 
Then injected 6 c.0. of extract of pyloric mucous mémbrane in 5 p.c. dextrin into 


jugular 

5.865. ‘Removed liquid from stomach, again the same in quantity practically as introduced 
=B, 

A was neutral, B was acid to litmus, gave Giinzberg’s reaction, and estimated 


NaOH 
- against centinormal sodium hydrate, it was found that 20 ¢.0.=8 "56.6. 100° 


(On tating for popio activity, there was found to be no marked difference between 


the two, 


The experiment showed that extracts of the pyloric mucous mem- 
brane made in the cold with dextrin will cause a slight secretion, 
whilst the dextrin by itself will cause none. Several experiments were 


made under practically the same condition with dextrin extracts and 


usually a very small amount of acid was shown in B. 
Extracts of the fundus mucous membrane were also tried but no 


secretion was shown. The N.8.8. from the stomach, which being made | 


with tap-water was very slightly alkaline, was equally alkaline at the 
end of a series of injections of the fundus mucous membrane. 

But the effect of the extract being made in dextrin was not markedly 
different from that obtained when made with water alone. 

Extracts of different regions of the stomach in glucose 5 pc. The 
extracts were at first made as described under the dextrin experiments, 
ie. in the cold. But a much larger secretion of gastric juice resulted 


than with dextrin extracts. The percentage of acid in the recovered - 


fluid varies a great deal even under the same conditions but was 
uniformly much higher than in the dextrin extracts. The glucose 
seemed however only to influence the activity of the extract when the 
extract is made ata low temperature. A cold water extract of the 
pyloric mucous membrane will sometimes manifest exciting power though 
on taking an average of several experiments such extracts are uniformly 
less potent than such as are made in glucose. I have never observed 
a marked reaction to the injected extract if made in cold water alone, 
whilst if made in glucose the percentage of acid in the N.S. recovered 
from the stomach may reach practically ‘1 p.c. 
An illustrative experiment is recorded. 


Cat, large, fasting for 24 hours, Washed out stomach with N.8,8., which showed a 


slight bile stain. Anmsthesia A.C.E. only. 
in slowly 86 ¢.0, N.8,8. 
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2.30. 1st injection of 8 o.c. of simple glucose 5 p.c. into jugular vein. 

Six injections of the same amount made at intervals of 10 mins. 

8.25. Disconnected and removed liquid from stomach =A. and 
stomach to 88 c.o. 

8.30. 1st injection of extract of pyloric mucous membrane in 5 p.c. dextrin into jugular vein. 

; Repeated injections at 3.40, 3.50, 4.0, and 4.10. 

4.15. Disconnected and removed liquid from stomach=B. (92 ¢.c.) 

marked Giinzberg’s reaction. When titrated against centinormal sodium 
hydrate it was found that 10 ¢.0, B=28 6.0, i.e, that B= 084 HCl. 

As regards the peptic activity of 4 and B, tubes containing carmine fibrin showed 
no change with A after 3 days in the cold, B was completely digested in the 
cold after 18 hours, 


Experiments were also made with extracts of the fundus mucous 
membrane. No secretion was observable. A marked depression 


- frequently leading to the death of the animal always occurred after 


injection of fundus extracts. Some depression occurs after pyloric 
extracts, but this is less marked. Records of the blood pressure in the 
different cases are shown later. : 


Boiled extract of pyloric mucous membrane. Boiling the pounded — 
mucous membrane with glucose or simply with water leads to a far 
more active extract being formed. In these cases there seems to be no 
advantage in using glucose or dextrin as a vehicle, though they appear 
to have influence when the extract is made in the cold. Moreover the 
mucous membrane of a corresponding part of the stomach of another 
animal of different species seems to be practically as efficacious as that 


_ of an animal of the same variety as the subject of the experiment. 


_Illustrative experiment. 


Extract was made by boiling the pyloric mucous membrane of the pig in glucose 
6 p.c. This was concentrated in vacuo over sulphuric acid for 24 hours. 

Cat, female, in fasting condition, stomach empty, washings slightly alkaline, 
2.55. Connected N.8.8. reservoir and passed in 20 c.c. 


2,56. Injected into jugular vein 2 c.c, pyloric extract. 


8.26. 8 0.0, 

8.36. end from stomach. Liquid was 
strongly acid, and gave a very intense Ginzberg. 10c.c. was neutralised by 


268 0.0. and was therefore “096 p.c. HCl 


When using the gastric 1 mucous membrane of the pig, the necessity 


of boiling (or adopting some more vigorous method of extraction or 
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conversion than simple exposure of the pounded mucous membrane to 
water at a temperature not greater than 40° C.) seems to be essential at 
any rate for the secretion of acid. 

Experiments were made in which an extract of the pig's pyloric 


_. mucous membrane at 40° C. for one hour was tested as an excitant. 


There was never any acid secreted as the result. Though there was 
evidence of pepsin, the amount progressively diminished in the series 
of observations on any animal, independently of the nature of the 
extracting solution, and it was difficult therefore to regard this as any- 
thing else than passive extraction of pepsin from the mucous membrane 
of the observed animal. : 

Two explanations of these negative results presented themselves. 
Either the active substance was not extractable by simple tap-water at 


a low temperature, or else a precursor of the substance passed into © 


- solution which was not converted into the active substance under the 
conditions permitted. To this point I recur later. 


Boiled extracts of different regions of pig's stomach. This afforded 


an opportunity of comparing the reaction at one time of extracts of — 


different regions, and especially of noting whether the true cardiac 
region which is well developed in the pig's stomach acted similarly to 
the pyloric and differently to the fundus region. The results showed 
that cardiac extracts were much the same as the pyloric as regards 
potency, the fundus region being as in other experiments inert. | 


The extracts were made in boiling 5 p.c. glucose. 
Cat, fasting, washings of stomach neutral. 
2.45. Connected with N.8.S. reservoir and introduced 20 c.c. 
2.46. Injected 2°5 ¢.c. extract of true cardiac region. 
2.56. ” 8 6.6, ” ” ” 
8.6. ” 8°5 ” ” 
8.16. Removed liquid from 
Stomach washed till washings faintly alkaline. Re-established connection with 
reservoir and passed in 20 c.c. N.8.8. 
3.20. Injected 8 c.c. extract of pyloric region. — 


Again washed out stomach till alkaline. eonnetion with 
and passed in 20 c.c. N.8.8. i 

8.57. Injected 6 c.¢, extract of fundus region, and at 4.7 and 4.17. 

4.27. Removed liquid from stomach=C. 

Re-established connection with reservoir and passed in 20 ¢.¢. N.S.S. 
Injected 8 ¢.c. extract of pyloric region again, and at 4.38 and 4.48, 

. Removed liquid from stomach = D. 
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Comparison of the liquids : | 
Litmus Gunzberg’s test Percentage of acid 
A, Strongly acid Marked 0146 p.c, HCl 
B. Strongly acid Marked 0146 p.c, HCl 
C. Neutral None 
D. Acid Distinct but small 0057 p.c. HCl 


It must be pointed out that some exhaustion in the process of 


_ secretion is frequently seen. Hence the injection of fundus extract 


producing no result might be explained as the result of exhaustion. 
But the subsequent evoking of further secretion by pyloric extract 


forbids this. In this experiment the reaction was very small all through, 


but it clearly exhibited the different results which always obtain with — 
the different extracts. 


Peptone and peptone extracts of gastric mucous membrane. Injecting 
‘peptone’ alone, either Witte’s peptone or a meat extract such as 
Darby’s fluid-meat, which contains extractives as well results, unlike 
glucose, in some secretion. But a ‘peptone’ extract of mucous mem- 
brane has more power as an excitant than the peptone alone. It seems 
however that a boiled extract in peptone has not necessarily any 
superior power to one made in glucose. 

A‘ comparison of the effects of different forms of peptone was shnnee 
by taking in order 1. Witte’s peptone alone. 2. A neutral Witte’s 


peptone extract of cardiac mucous membrane of pig. 3. An acid Witte’s 


peptone extract of cardiac mucous membrane afterwards neutralised. 
4. The liquid resulting from digesting the cardiac mucous membrane. 
5. A glucose extract of mixed pyloric and cardiac mucous membrane. 
As regards efficiency as excitants of gastric secretion the glucose extract 
was first (but this included some pyloric mucous membrane), next came, 
approximately ‘equal, the neutral and acid Witte’s peptone extracts, 
and last and again approximately equal, the digestion extract and 


Witte’s peptone alone. 


It is to be noted that in a protracted experiment, using one form of 


excitant only, that taking periods of about half-an-hour, the secretion 


gradually tends to lessen in percentage of HCl. This is especially the 
case, if in the commencing periods the secretion is at all excessive. 

The effectiveness of different regions of the stomach when extracted 
in peptone was also examined. In one experiment in which- the 
extracts were made in Darby’s fluid-meat with ‘2 p.c. hydrochloric acid, 
(boiled, neutralised, and filtered), it was found that the fluid-meat alone 
produced a secretion with the acid='013 p.c. HCl, the cardiac extract 
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caused secretion with acid =-027 HCl, the fundus extract caused no 


secretion, the subsequent injection of pyloric extract caused about 
‘018 pc. HCl. These extracts were used successively on the same 
animal with the above results. 


Glycerine Extracts, If the mucous membrane be pounded up and 


left in glycerine for some days, the glycerine will be found to have 


extracted to some degree the exciting substance. Glycerine extracts of 


the pyloric mucous membrane and the fundus mucous membrane of the © 


pig’s stomach were prepared. : 

In this case, as would be expected, the pyloric extract reacted 
markedly, the fundus extract showed a minimal reaction, there being 
evidence of a trace of mineral acid, though it could not be detected by 
Gtinzberg’s reaction. It is possible that the separation of the fundus 
mucous membrane had not been carried out quite accurately, as this 
was the only case in which a vestige of reaction was shown by an 
extract of the fundus mucous membrane. 


Acid Extracts. Extracts were made both of the pyloric and fundus 
mucous membrane in *4 p.c. HCl (using similar quantities of mucous 
membrane), allowing to stand with occasional shaking for two hours, then 


- neutralising and filtering. In these cases no reaction was shown with 


the fundus mucous membrane. 


Fasting cat, washings from stomach clean. 


2.80. Connected stomach with reservoir and passed in 20 c.c. N.8.S. 
| Injections of 2°5 ¢.c. fundus extract at intervals of 5 mins. 
3.3. Removed liquid from stomach=4. A found to be slightly alkaline. 
8.6. Reconnected with reservoir and passed into stomach 20 c.c. N.S.8. 
8 injections of 2°5 o.c. pyloric extract at intervals of 5 mins. 
3.86. Removed liquid from stomach=B. B gives marked Giinzberg’s reaction, and 
percentage of acid = ‘038 HCl. 


Relation of acid and pepsin in secretion. In most cases the peptic 
activity of the liquid removed from the stomach was tested in addition 
to the percentage of acid. Generally speaking the development of acid 
and pepsin run on similar lines. But this is not invariable, perhaps 
owing to individual idiosyncrasy, and in some cases the only reaction to 
the injection of extracts is shown by variations in the quantity of 
ferment exhibited by the different samples of liquid removed. 


Duration of the secretion. It is difficult with the method sdcaest: to 
state how soon efter the first injection the seoretion is first evident. In 
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an animal that reacts well after a period of ten minutes the liquid in 
the stomach may become perceptibly acid. In an animal which has 
been subjected to injections at intervals of five minutes, it is found that 
after the expiration of ten minutes from the last injection, secretion 
may still be continuing, but after a further period of ten minutes has 
elapsed, 1.¢. twenty minutes altogether from the last. injection, no acid 
reaction in 20 cc. of normal saline solution placed in the stomach and 
remaining there for ten minutes is shown. 


Influence of atropin, Experiments were made to test whether the 
secretion brought about by extracts of pyloric mucous membrane was 
affected by the animal being deeply under the influence of atropin. 
The atropin in no way diminished the reaction of the animal, if 
anything, the progressive exhaustion of reaction to the injection seemed 
to be diminished. It seems probable therefore that the effects resulting 
from the injections are not to be explained by any excitation of a local 
nervous mechanism, but to the direct action of the active watatance 


upon the protoplasm of the secreting cells. 


Extracts made from cat’s pyloric mucous membrane in -4 p.c. HCl for 1 hour, then 


neutralised and filtered. The neutralisation involved rather considerable dilution. 


- Fasting cat, washings from stomach clean and neutral. 

11,30. Connected stomach with reservoir and passed in 20 c.c. N.S.S. 

11.35, 1st injection of 2°5 c.c. pyloric extract into jugular vein. Repeated at 11.40 
and 11.45. 

11.50. Injected 2°5 o.c. of 1 p.c. solution of atropin sulphate dissolved in N.S.8., subcu- 
taneously, half into each leg = 025 grs. atropin sulphate. 

12.5. Removed liquid from stomach=A. 4 is acid to litmus and gives marked Giinzberg’s 
reaction, Percentage of acid=-0386 HCl. 

Washed out stomach, reconnected and passed in 20 c.c. N.8.8S. 


12.9. 1st injection of 2°5 c.c. same pyloric extract. Repeated at 12.14 and 12.19. 


12.89. Removed liquid from stomach=B. B is acid to litmus, gives marked Giinzberg’s 
reaction. Percentage of acid = °043 HOI. 


The activation of extracts of pyloric mucous membrane. It was 
pointed out earlier in this paper, that a simple watery extract of the 
pig’s pyloric mucous membrane, made at a temperature not exceeding 
40° C., was inactive, but an extract made with boiling water possessed 


marked power as an excitant. In the case of the cat’s pyloric mucous 


membrane the exciting substance seems to be less stable and not 
infrequently a cold water extract exhibits a small amount of activity. 
This suggests that boiling leads to a more perfect extraction or a 
conversion of a precursor of the exciting substance, itself inactive, 
into the completely developed active substance. Extracts made with 
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hydrochloric acid similarly are markedly active. Experiments were 
made to see if the negative effect of an inert extract was due to the 


fact that the extract contained such precursor in the inert state, but 


capable of being activated by treatment with acid. The results showed 
consistently that an inert extract could be made active by such treat- 
ment with acid. 


stand with oocsslonal shaking for 4 hours in 95.0, tap-water. ‘Then filtered, and two 
parts each of 10 c,c. were taken. 
' H=10¢.c. watery extract+HCl to bring mixture to ‘B5 p.c., placed in incubator at 
85° C. for 20 mins. then neutralised with NaOH. 
P=10 c.c, watery extract +a mixture of the quantities of HCl and NaOH sdded above. 
The salts were the same therefore in both and there was similar dilution. 
Fasting cat, washings of stomach clean, 20 ¢.c. of N.8.8. introduced into stomach. 
4.1. 1st injection of simple watery extract, repeat at 4.6 and 4.11. 
4,82. Removed liquid from stomach=A, A is neutral. 
4.84. Reconnected with reservoir and passed in 20 ¢.c. N.S.8. 
Ist injection of extract treated with HCl. Repeat at 4.39 and 4.44. 
5.4. Removed liquid from stomach = B. 
Acid = °082 p.c. HCl. 


The effect of glucose in activating an extract was also tested. It 
was found that the activity of a poorly exciting watery extract could be 
increased, a more vigorously exciting extract was not improved. The 
results in the direction of activation were however much less — 
with glucose than HCl. 


Finally the effect of HCl upon a boiled extract was tested. In this 
case no increase of power was exhibited, showing that the boiling did 
not simply plentifully extract the mother substance, but also ewer’ 
converted it into the active excitant. 


stomach, Then filtered. 
H=10 extract +3 c.c. HCl 1 p.c. for 1 hour, then neutralised with NaOH. 
P=10 c.c, extract + mixture of 3 c.c. HCl 1 p.c. and NaOH to neutralise. 
Extracts were therefore similarly diluted and contained same amount of salts. _ 
Cat, fasting, stomach washings clean. Introduced 25 ¢.¢, N.8.8. into stomach. 
12.0. 1st injection of simple boiled extract. (P) Repeat 12.5 and 12.10, 


12.80. Removed liquid from stomach=A. 4A strongly acid, intense 


Acid = p.c. HCl, 
| _ Stomach washed out and reconnected with reservoir and passed in 25 0.0, N.8.8. 
12.35. 1st injection of boiled extract treated with HCl. (H) Repeat 12.40 and 12.45. 


1.5. Removed liquid from stomach= 8B. B very acid, very intense Giinzberg’s reaction. 
Acid = °125 p.c. HCl. 


‘Tn this case in the second stage the percentage of acid was rather 
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the With the considerable veabtion that ths 


showed, this was probably due to some exhaustion and it seems improb- 
able that there was much difference between the activities of the two 
extracts. 


The effect of the extracts on the blood-pressure. As was found by 


Bayliss and Starling with pancreatic secretion, extracts made in a 


_ Manner similar to those in the preceding experiments show a marked 


influence upon blood-pressure, by means of some depressant substance 
being simultaneously extracted. The only point of interest in my 
experiments in this connection is that extracts made from the fundus 
mucous membrane show this effect more markedly than do extracts from 


the pyloric. -This was not infrequently the cause of premature death of 


the animal when fundus extract was injected. It seemed also that 
extracts made in normal saline. sulution contained much greater 
quantities of the depressant than when made in simple tap-water. 
This led me early to give up using normal saline as the vehicle of 
extraction. The two tracings appended show the difference between 
pyloric and fundus extracts in this respect. 


Upper tracing, blood-pressure in carotid after injection of pyloric extract. Lower 
tracing, a record taken later in same animal after injection of fundus extract. 


SuMMARY OF RESULTS. 


1. Extracts made of the pyloric mucous membrane in boiling 
water or HCl ‘4 p.c. contain an active substance which on injec- 
tion into the blood vessels of an animal leads to a secretion of gastric 
juice. | 
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2 Extracts made in cold water, peptone, glucose or glycerine also 
contain variable amounts of this substance. 


3. Extracts of the fundus mucous membrane, however made, 0 not 
contain this substance. 


4. The inactive condition of some extracts is due to the substance 
being present in an undeveloped state, boiling the substance or treating 
with acid will lead to the complete development. This is however only 
the case with extracts made from the pyloric or true cardiac mucous 
membrane, but not the fundus mucous membrane. 


5. Atropin dove not diminish the reaction of an animal to this 


excitant. 


6. The substance is not a ferment as boiling an extract leads to an 


increase rather than a diminution of its properties. 


The costs of this research have been defrayed by grant made by the Royal Society. 
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ON THE RELATION OF NERVE CELLS TO FATIGUE 


OF THEIR NERVE FIBRES. By F. H. SCOTT, Px.D., 
M.B, (Eleven figures in text.) 


(From the Physiological Laboratories of the Thierdratliche 
_ Hochschule, Berlin, and University College, London.) 


CONTENTS. 
PAGE 
8. Stimulation of roots, ove severed and the other unsevered fom the 
4. Effect of stimulating cut nerves 157 
5. Effect on the cells of the spinal ganglion of immlatng ite peripheral 
fibres with ent and uncut dorsal roots . 159 
6. Some points regarding the double ne and simple) refers bog 
I. Introduction. 


In a former paper! I pointed out the similarity, both as regards chemical 
constituents and function, existing between nerve cells, the cells of the 
pancreas, and the chief cells of the fundus glands of the stomach. On 
these similarities, and from the known function of the constituents in 
the latter two cells, I put forward the hypothesis that in the body of 
the nerve cell a substance is formed from the nucleus and Nissl bodies 
which gradually passes into the nerve fibres; and also that stimulation 
of other cells by a nerve fibre is brought about by the passage of some 
of this substance into the cells on which the fibre acts. In the present 
paper I give an account of some experiments on the effect of nerve cells 
on fatigue which seem to support this hypothesis. 

A great difference in the behaviour of nerves as regards fatigue has 
been noticed in their property of conduction and their power to keep 
the end organ in activity. Nerves are unfatiguable as regards conduc- 
tion, but their power of keeping the end organ in activity is more or less 

Brain, xxvii. p. 506, 1906, 
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limited’. Sherrington’ has also noted that the reflexes obtained from 
a given place of the skin soon cease if the stimulus be repeated 
frequently, although similar reflexes may still be obtained from neigh- 
bouring areas, Bethe* has also noticed that a cut nerve in frogs 
loses its sensitiveness much more rapidly if it be subjected to stimula- 
tion than if it be left at rest. If all these results do not show the 
discharge .of some substance out of the nerve, they at least emphasise 


the great difference in the behaviour of nerves when they merely 


conduct and when they conduct and excite other cells. | 
We know, chiefly from the work of Mosso, that the central is much 
more readily fatigued than the peripheral nervous system, and it ought, 


therefore, to be possible in the former within the limits of a fairly short 


experiment to localise the actual seat of fatigue, and towdetermine the 


factors necessary for recovery of such a part. The st«fulation of © 


different parts of the motor tracts affords some evidence in this regard. 
Levy‘ experimented on the amount and nature of the fatigue, as judged 
by the muscular movements, resulting from stimulation of different 
parts of the motor tract He noticéd that, on cutting the cord, the 
recovery from fatigue caused by stimulation of the lateral columns lower 
down is much slower than when the cortex itself was excited before 


division of the cord. I believe this is due to the severance of the ~ 


synapse from its cells of origin, but, of course, the alteration in blood 
supply must also be considered. 
To decide if there is any recovery after complete fatigue of the 


severed fibres connecting the brain and cord I made some experiments — 


on the frog. The frog was chosen, since in this animal it is possible to 
eliminate differences in conducting power or excitability due to changes 
in temperature. The cord was cut and electrodes applied to its upper 
end. My experiments showed that it is possible by repeated stimulation 
to bring these fibres into such a condition that they will not give any 
more response on stimulation, and such condition remained permanent 


_ a8 long as the frogs lived or were kept (6 to 36 hours), but during all 


this time stimulation of the central end of the sciatic caused reflexes, 
thus showing that the fault does not lie in the discharging (motor) cells, 


As it was impossible to limit the stimulations to one side of the cord, 


1 Cp. Waller. Brit. Med. Journ. 1. p. 185. 1885; Brodie and Hallib 
t 
Journal, xxvii. p, 181. 1902, and papers there 


Phil, Trans. Roy. Soc, London, oxo.B. p. 165. 1898 
p. 881. 1900. P ; and Schifer’s Text Book, I, 


Allg. Anat. v. Physiol. des Nervensystems. Leipzig. 1908. p. 164. 
* This Journal, xxvi. p. 210. 1901; and xxvm, p. 1, 1902. 4 
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leaving the other side as a control, and since the subject can be better 
invéstigated with the dorsal roots, I shall not give any — details of 
‘experiments. 
2. ‘Fatigue in cut dorsal roots. 
‘The first series of experiments was carried 


cut off from its cells of origin could be permanently fatigued. Two 


roots were cut close to the ganglion, and one left as a control, while the 
_ central end of the other was stimulated. The frog was given ether, its 
forebrain removed by the cautery, and in some cases the cord was 
divided below the medulla, also by means of the cautery. The lamine 
were removed from the lower 3 or 4 vertebre! with scissors and the 
roots tied proximal to the ganglia with threads and then divided. In 
most cases the dorsal root of the 10th nerve leaving ‘between the 
urostyle and last vertebra was secured on both sides but in some cases 
two roots on the same sides were used. A pair of platinum electrodes 


were fixed on a stand above the back of the frog so that the nerve could 


readily be removed for moistening. In this set of experiments the 
_ reflex movements of the limbs were observed, but tracings were not 
taken. . Tracings of the movements of the gastrocnemius due to excita- 
tion of cut dorsal roots were, however, made in a later series of experi- 
ments. - Some of these may be seen in the upper tracings of Figs. 1-11. 
‘The reflex excitability was heightened by cooling (Biedermann’). 
By adopting this precaution it is possible to evoke reflex contractions 
with a much smaller strength of current than would be required by 
normal frogs. One can in this way avoid all danger of spread of 
current to adjacent excitable tissues. In most cases the frogs gave 
reflex contractions with the secondary coil 25-50 cm. from the primary. 
In some cases this is less than that required to stimulate the motor 
nerves directly, The weakest possible current was always used. To 
obtain maximal contractions it is not necessary to increase the current 
beyond a certain point, as the contractions do not last longer nor are er 
stronger than with the weaker stimuli. (Sherrington*) 

There are variations in the type of muscular response on shinabeiion 
of a dorsal root and I have seen the different types described by Wundt, 
Nothnagel, Sherrington, Biedermann, and others in their vatious 


, ) By snipping off the upper end of the urostyle and then inserting the point of one | 


the cord. | 

Archiv, uxxx. p. 408, 1900. 

Phil, Trans. Roy. Soe. London, ox0, B, p. 140, 1898, 
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publications. Samples of the various types may be seen in the 

figures. There is usually a tetanic contraction (Figs. 1, 2, 3, 4), but 

occasionally the contraction is little more than a simple twitch (Fig. 7). 
‘Sometimes the prolonged tetanic contraction tends to become alterna- 

tions of contraction and relaxation, but not always, and often the 

responses are alternating from the beginning (Fig. 2). 

The movement obtained at first usually lasts about a minute, and 
then the muscles gradually return to rest although the stimulation is 
continued. After a short pause in the stimulation a second but shorter 
movement may be obtained. These alternate periods of stimulation and 
rest may be repeated a certain number of times, and a long time elapses 
before the last trace of movement disappears. Finally, however, even | 

. after long periods of rest no response can be obtained. In most cases 
the roots were stimulated for given periods, usually 30 seconds and then 
30 seconds rest allowed. When the root failed to give a response after 
the 30 seconds rest, a longer pause (4 to 2 hours) was allowed. After 5 

or 6 of these periods of stimulation the responses (after a long rest) in a 
period of stimulation became less and less, and finally no more response 
could be obtained from it as long as the frog lived (compare upper 
tracings of Figs. 2, 3, 4, 5, and 6, 7, 8). This condition of ineffectiveness 
of the root was true, not only for the weak current which had been 
i used for the excitation, but also for the strongest currents which could 
be applied. There is, of course, great difference in the total duration of 
_ movement obtainable from such a severed dorsal root. Ordinarily one 
can obtain 15-40 minutes’ movement (in all), after which no further 
response can be evoked, however long the frog be kept (2-3 days), A 
few frogs gave a greater total response than 40 minutes, and quite a 
number a smaller one than 15 minutes. The smallest total for a cut - 
root equalling 4} minutes, and the largest 69 minutes, In three cases 
the root was not exhausted as rapidly as possible but only a few periods 
of stimulations given perdiem. The totals in these experiments extend- 
ing over 4 days were 18, 24 and 40 minutes. These numbers were 
often exceeded in less time, as the table (I) shows, and indeed as much 
as 37% minutes was observed during the first 8 hours of one experiment 
(No. 4, Table IT). i 

During the time of these experiments the root left as a control loses 
none or very little of its power to keep the muscles contracted. Table I 2 
shows the results of some of these experiments. Many more were made, — : 
at first to ascertain the truth of foregoing statements, but as in: these a 
earlier experiments the total duration of movement. obtained: was. not a 
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first three experiments were made with 


roots are after the Ecker-Gaupp n 
- ineffective) the circulation in the web was satisfactory 
be. feeble. In several cases the circulation was good 
They seem to die rapidly in this position. 
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measured, only two are tabulated. The number of hours hefore the 
- poot became inactive in these earlier experiments varied from 8 to 40. 
Many other experiments were also nearly completed, viz. the root was 
giving very short replies after long rests, when some accident to the 
root put an. end to the experiment. These also are not tabulated. 
The above table shows that for a cut root to become inactive in the 
short time of these experiments there must be activity. It tends also 
to show that only a certain amount of movement can be obtained 
from a cut root, no matter over how many hours the stimulation is 
extended. | 

- The above experiments show that in a comparatively short time it 


is possible through activity to bring the reflex arc into such a condition — 


that it no longer gives a reaction on stimulation of the. dorsal root. 
The following possibilities seem to present themselves. 


(1) The muscles are fatigued. ! 

(2) The cells in the cord are fatigued or dead. 

(3) The root itself is dead and non-conducting. 

(4) Or, as I believe, that all the substance which passes between 


| the root and the cells in the cord, and excites the latter, i is used up. 


The root is therefore ineffective. 


In order to guard against either of the first two possibilities the 
operation was performed with the least possible loss of blood, and the 
skin kept well moistened the whole time. This latter is most essential, 
especially if the breathing be feeble. 

The condition of ineffectiveness of. the dorsal roots, due to their 
prolonged stimulation, was not due to fatigue in the muscles, since 
direct. stimulation of the sciatic still caused contractions. 

On the probable assumption that the motor cells supplying the limb 
may all be set in action by one dorsal root, it is clear also that the seat 
of fatigue is not in these motor cells, since movements of the limb were 
still obtained reflexly by stimulation of other nerve roots (cp. Figs. 8 
and 9), and indeed occurred usually on release of the animal from 
6 extended position, and also at times without. any obvious stimu- 

on. 

- The total amount of stimulation had also not injured the conducting 
property of the fibres. This, I think, is shown by the fact that after 
prolonged continuous stimulation the roots are still effective if a rest be 
allowed. Thus in three cases the roots were stimulated continuously 
for 2,3}, and 5 hours. After a rest (4 to 1 hour) the root in each case 
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-gave nearly as prolonged contraction as it did before the long stimula- 


Lastly, the absence of effect was not due to loss of irritability in 
consequence of degeneration. In the frog the dorsal roots, as also other 
nerves, very slowly lose their irritability. In one ‘case I cut the roots 
and left them for 10 days. At the end of this time they still caused 
the normal amount of movement. 

It is thus seen that the seat of fatigue is in the root itself, and also 
for the production of this —_— there must be excitation of the cells 
in the cord. 


3B Stimulation of roots, one severed: and the other unsevered 
From the spinal ganglion. | 
In order to see if the dorsal root would activate the cells in ‘the cord 
longer if it were still connected with the nerve cells in the spinal 
ganglion, the following three series of experiments were made. | 


1. In the first set a pair of electrodes was passed under the uncut root, 
and the cut root also laid on the same electrodes so that the two sides 
were stimulated at the same time. At first fatigue is obtained equally 
rapidly on both sides, and at first recovery is as rapid on both sides. 
After a time the cut root begins to lag behind, both in its power of 
recovery and in its effectiveness in keeping the movement prolonged, 
and finally the cut root is ineffective while the unsevered root is quite 
good, and in some cases nearly as effective as at first. As the meta- 
bolism in frogs is slow, and this slowness is no dou®t increased by the 
low temperature at which these frogs are kept, it is some hours after 
_ the experiment has commenced before any difference is noted in the 
two roots, 

Although I tried always to regulate the current so that it gave only 
the direct reflex, yet one could not be certain that a movement might 
not be partly due td the impulse from the other root, and as the uncut 
root is very liable“to be detached from the cord by a sudden movement 
of the frog, this plan was abandoned, but not before four experiments 
had been completed and several others nearly so. — 


2. In the second set of experiments the plan was adopted of 
stimulating the cut root and the corresponding cut nerve in the pelvic 
plexus, By means of a commutator the two sides were stimulated 
alternately and approximately equally for equal periods. In ‘order to 
equalize the sides the two roots (anterior and posterior) of the one side 
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were cut and laid on the electrodes, but even with this arrangement the . 
root. usually responded with a slightly weaker current than the nerve, 
but if the frog has been well cooled the difference is not marked. 


Tracings were made by extending the hind legs with elastic bands and — 


then attaching threads to each cut tendo achilles, The threads were 
passed, over pulleys and attached to levers. Signal magnets under the 
levers marked the point of stimulation. _A second. battery was-used to 
operate the magnets, In most cases the two sides responded equally 
well and gave the same number of contractions before failing to respond 
after 30 seconds rest (Fig. 1). In a few cases the ganglionated or the 
severed failed a little before the other. If there was very marked 
inequality the experiment was abandoned, as probably some injury had 
been done in the preparation.. The ‘one side was usually stimulated for 
30 seconds and then the other. When one side failed a longer rest was 
allowed. In all cases, finally, the ganglionated side was the better. 
The ‘tracings show some of the records obtained in the manner above 
described. The levers were made as equally sensitive as possible, and 
were tested by interchanging the levers of the two muscles. ee es 


Fig. 1. Upper line from stimulation of cut root, lower line from corresponding nerve in — 


_ Plexus. The fall of the signal indicates stimulation. The time of stimulation equals 
30 seconds, when the commutators were reversed into the other electrodes and magnet. 


Fig. 1 is a tracing in which the responses are much more regular 


_ than usual. It represents the second set of stimulations, one hour after 
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the commencement of the experiment. Both sides are seen to be 
practically identical, and the gradual loss of power is well seen. This 
gradual loss of power is a typical feature, although often not as 
_ vegularly shown. ‘ Figs. 2, 3, 4,and 5 are parts of the record of the 


Fig. 2. ‘Upper live from eat rot, lower line from corresponding out nerve in plexus. 
Time of stimulation 80 seconds or twiee (in middle) 1 minute. 


same e frig. This frog had the greatest resistance to fatigue and the 
_ greatest power of recovery of any frog met with. Fig. 2 is the first 
tracing, finished, as the number above ‘indicates, at 2.41 in the afternoon: 
It was stimulated twice more during the afternoon, and once the next 
morning before Fig. 3 was obtained. It will be seen that the lower one 
(ganglionated) gives more prolonged contractions, although its power of 
recovery at the end to rapidly repeated stimuli (every 10 sec.) is slightly 
less than the one without the ganglion. One more series of stimula- 
tions, in which the ganglionated root was much the better, was made 
before Fig. 4 was obtained at 12.02 that is 22 hours after the 
commencement of the experiment. It is now seen that the lower one 
is undoubtedly the better, and it remained so till the end. The cut 
root-gave a little more response during the afternoon and a few twitches 
the next morning, when it finally failed. Fig. 5 is a piece of tracing 
. taken 48 hours after the commencement of the experiment. It is seen 

- that the severed root is inactive, while the unsevered root gives fair , 
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- During the first three hours of this experiment the total dasiion of 
movement from the severed root aggregated 37} minutes, and from the 
- unsevered 88 minutes. On the next day the numbers were 31} minutes 
for. the severed, and :40} for the:unsevered, while on the: following day a 
few twitches, aggregating about } minute, were obtained . from me 


3 Fig. 3. 3 Fig. 4, 
Fig. 8. Upper line from cut root, lower from corresponding nerve in plexus. The 
numbers in the signal line indicate seconds. At end stimulation every 10 seconds. | 
Fig. 4. Upper line from cut root, lower from nerve in plexus. Stimulation 1 minute, 
, 80 seconds and 20 seconds. The L indicates « change of level of lever. 


severed, and the unsevered gave 3} minutes at that time, and was still 


effective afterwards, as the figure shows. 

One does not usually get numbers so large as those in. the above 
experiment, the total of 69 minutes being the greatest observed for a 
cut root. As before stated it is usual to obtain about 15-40 minutes 
from the cut root. Figures 6,7, and 8 are from a frog which did not 
yield even that amount because most of the time the responses were 
little better than simple contractions, Fig. 6 is the first series obtained 
and illustrates the irregularity often met with at first. The contractions 
with a V over them are spontaneous, caused by some other irritation 
than the stimulation. The commencement of the lower line illustrates 
_ @ phenomenon sometimes seen, namely, an inhibition of tone on stimula- 
tion of the opposite root. Both lines contain a number of crossed 


reflexes. These are marked in the tracings by a cross, Owing to 


_ @ slight misplacement the lower two levers were not exactly under the 
upper two but the stimulation was alternating as in the other experi- 
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ments, Fig, 7 illustrates the responses after 5 hours (3 “yates in 
and Fig. 8 after 25 hours (3 more stimulations), 


Fig, 6. "Fig. 7. 
Fig. 5. Uppek line trom ent root, lower from nerve in plexes, The. upper lever was 
raised at L, 


Fig. 6, Upper line from cut root, lower from corresponding cut nerve in pelvic plexus, — 

‘The contractions with V over are.due to other causes than the stimulation. Crossed 
reflexes are seen in both lines (marked X) and also an inhibition of tone (fall of lever 
in lower line) on stimulation of opposite root. L change of level of lever. 


Fig. 7, Upper line from root, lower from nerve in plexus, V * spontaneous’ contractions, 
D-=stoppage of drum, and”Lehange in level of the lever, The momentary response 


in Fig. 6, 


It will be noticed the upper (cut) root gives a single small response 
only, All the other contractions in the upper line marked X are crossed 
reflexes, To make this clear the longer interval was allowed. The 
uncut (ganglionated) root is still effective and remained so for another 
24 hours, when the frog died, while the cut root gave only one more 
twitch. During the first 6 hours of this experiment the two sides gave 
practically the same total duration of movement, the numbers being 
8} minutes for the cut root and 8} for the ganglionated. On the next 
day, however, the total amount for the cut root was only 1} minutes 
during 8 hours when it ceased to give more contractions, while the — 
effective. | 
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' & The third set of experiments were made in view of the possibility 
that the difference in the action of the two-roots might be due to a 
better blood supply and not to the nerve cells themselves. The two 
corresponding nerves were cut in the plexus and the ganglion on each 
2 side carefully dissected free so that both nerves with their ganglia were 


Fig. 8. Upper line from root, lower from sierve in plexus. Only the first contraction in 
upper line is from the cut root, all the others (marked X)-are from the.opposite side 
(crossed reflexes) as can be clearly seen when the longer interval was allowed. The 
cut root is also seen to have caused a crossed reflex in lower line (first contraction). 

Fig. 9. Upper line tracing from unligatured, lower from ligatured root. It is seen there 
are no contractions from the: ligatured root. The contractions (marked X) in the 
lower line are crossed reflexes from the unligatured root. 

Fig. 10. Reflexes from dorsal root belonging to same side as upper tracing. Time of 
stimulation 2 minutes. Lower tracing isthe crossed reflex. 


connected to the cord by their roots only and were thus equal as ie 
blood supply. A thread was bound tightly around one root and the 
whole dissection kept moistened with oxygenated frog’s blood diluted 
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with Ringer’s solution. As it was desired to stimulate the roots of each 
side and as it is not convenient to use 2 pairs of electrodes in the limited 
space, the plan was followed of stimulating one root and when it did not 
give a response after 30 seconds rest it was immediately removed and 
the second root laid on the same electrode. In all casés tried the 
ganglionated root remained the better. Fig. 9 is a tracing taken 
28 ‘hours after the commencement of the experiment. The frog 
responded throughout by a few (3 or 4) well sustained contractions 
and then failed. On the first day (6 hours) the responses aggregated 
the same, 11} minutes from each. On the second day the responses up 
to 12 o'clock, when the ligatured root failed, aggregated 2} minutes for 
the ligatured and 74 minutes for the unligatured. After the tracing 
was taken, which as the times above indicate was nearly two hours 
after the previous stimulation, the unligatured root gave about two 
minutes-more contraction and a few slight ones the next day before the 
frog died. 

The following table gives the results in those cases in which tracings 
were taken. Many more experiments were made without tracings but 
the’ time was only taken approximately. If the height and power of 
the contractions were also considered the difference would be greater. — 

It has been noticed’ that the reflex applied to one place on the skin 
soon becomes ineffective. In order to control my numbers a few 
experiments were made by stimulating with induction shocks a given 


: spot of the skin in frogs whose forebrain had been removed. I usually 


stimulated for 15 seconds and then waited till the frog quieted. The 
responses are exactly like those from the dorsal root, in that one can 
obtain a couple of minutes movement at a time and then. nd more until 
a longer rest is allowed. The total-response ftom such a spot during 


6 hours was 64, 7,9, and 11 minutes in the four cases tried. These 


numbers correspond with those obtained 
cut or uncut root. 


4 Effect of stimulating cut and uncut motor nerves. — 
‘As it was suggested that the motor nerves should act in a similar 


- manner to the dorsal roots, some experiments were made with them in 


the frog. The 8 strands of the pelvic plexus were cut on one side, or 
the sciatic cut high in the thigh on one side and the electrodes placed 


under the two sciaties low down in the thigh, The nerves were stimulated 


? See Sherrington, Text Book of Physiol., edited by Schifer, u. p. 831. 
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alternately, usually in minute periods by means of a commutator. The 
movement at first is prolonged and practically equal in both sides, After 
about an hour's stimulation the responses, after the minute’s rest, in each 
side is usually very small. The nerves received this half-hour’s stimula- 
tion 2 or 3 times a day. Owing to the great amount of muscular fatigue 
involved in these experiments the blood supply must be a potent factor 
in the recovery of the muscles. Since the constrictor influence was 
removed from the cut side the circulation in the web was usually better 
: in that side. Consequently during the second and few succeeding 
: periods of stimulation the muscular responses were usually stronger 
although not usually longer on the cut side than on the side with uncut 
nerve, After a time the responses on the uncut side began to last much 
longer than those on the cut side, and after 3 or 4 days this difference 
was still more marked. The frogs usually died on the 5th or 6th day so 
that no experiment was completed and absolute inactivity of the cut 
nerve was not obtained. On the other hand if a nerve be simply cut 
and then left for 5 or 6 days it yields equally powerful contractions as 
the uncut nerve. Bethe! has also shown that stimulation causes loss of 
sensitiveness in such cut nerves when compared with the — cut 
but nerve. 


5. Effect on the cells of the spinal ganglion of stimulating its 
peripheral fibres with cut and uncut dorsal roots. 


On the hypothesis given at the beginning of this paper it might be 
expected that a change would take place in the spinal ganglion cells on 
peripheral stimulation of its afferent fibres only if the root fibres were 
exciting the cells of the spinal cord. This fact has already been observed. 
The cells of the spinal ganglion were one of the first objects in which 
Hodge? found changes as a result of activity. Changes in these cells 

as a result of activity have subsequently been found by Levi’, Pugnat*, 
and Holmgren’. Steinach*, however, could find no changes in these 
cells on stimulation of the nerve peripheral to the ganglion. Pick, who 
bad ary made a series of experiments and found changes . to 


Loe. cit. 
. 2 Journal of Morphglogy, vu. p. 95. 1892... 
4 Bibliogr. Anat. v1. p. 27. 1898. 
5 Anat. Hefte. xv. p. 7. 1900. | 
6 Phliger’s Archiv, uxxvmt. p. 291. -1899. 
7 Deutsch. med. Wochensch, xxiv. p. 841..1898. 
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activity in the cells of the spinal cord, also examined these cells from 
Steinach’s experiments and he also could observe no changes. The 
failure of Steinach and Pick to observe changes in these cells is due, 
I believe, to the fact that Steinach had cut the dorsal roots before 
stimulating the nerve, and there were, therefore, no changes produced. 
I have made a number (12) of experiments on this point and I 
_ believe both of’ these observations are correct. In most cases I cut and 
excited the central end of one of the nerves in the pelvic plexus, having 
first in some cases cut the dorsal root close to the cord. .The stimula- 
tion was applied usually for.80 seconds and then 30 seconds rest. This 
was repeated as long as reflexes were obtained if the root were exciting 
or about 10 times ifthe root were cut. Three or four of these groups 
of stimulations were given during 4 or 5 hours. The two corresponding 
ganglia were then put through the same fixing fluids, imbedded together 
and cut and stained atthe same time. In other cases I cut the root on 
one side and the corresponding nerve in the plexus on that side. On 
the opposite side two nerves were cut. One corresponding tothe cut 
- nerve on the opposite side (this to prevent the muscular movements 
exciting the cells) and the other nerve for stimulation. The two nerves 
one on each side were stimulated equally by means of a commutator 
and then the corresponding ganglia fixed and compared as in the first 
case.. Changes similar to those described by Hodge and Holmgren 
ee be found when the dorsal root had been exciting the cells in the 
cord, but no changes were observed when the root had been cut before 
the stimulation. Similar observations were also made in the rabbit, 
but as all my material has not yet been examined a more —_— 
discussion of this point is reserved for a future occasion. 


‘ In most cases the direct reflex was obtained with considerably 
weaker current than that required for the crossed reflex. In some 
cases this difference was very slight and in two or three cases the 
crossed reflex seemed easier to obtain. If in @ fresh frog a root is 
stimulated with a current strong enough to obtain reflexes in both 
— side is observed to come to. rest, before the 

g. 10 

The reverse of the aia may. occur ina oes in which one has fatigued 
the direct side without having caused the crossed reflex. If the current 
be then increased, the crossed reflex is obtained while the direct reflex 
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is absent or very slight. This has been seen 24 hours after the last 


direct reflex was obtained. These experiments show that a nerve or 
root, being stimulated with sufficient current and still conducting, can 
fail to activate cells capable of being stimulated. 

Another interesting feature is the character of the muscular response 
in the two legs. Although there is usually a more or less degree of 
stmilarity in the character of the muscular response in the two legs, the 
tracing (Fig. 11) shows this is not always the case, as we can have one 


Fig. 11. Double reflex from nerve belonging to lower tracing. This side had been 
subjected to more or less fatigue before. 
in other tracings. Time of stimulation 14 minutes. ; 


ds giving a tetanic contraction while the other side gives an alter: 
nating one. : 


7. SUMMARY AND ConcLusions, 


lt hens been shown above that on stimulation of the cut dorsal roots 
of the frog repeatedly with intervals of rest, reflex contractions are 
obtained for a period varying from 8 to 98 hours. This variation is 
due chiefly to the intervals of rest allowed. The total duration of 
movement in’ those cases where long rests were allowed was often 
exceeded in other cases in far shorter periods (cp. ‘Tables I and II). 
After this time no more movement could be obtained from such a root 
as long as the animal lived. The duration of this period of ineffective- 
ness varied from 8 to 72 hours. There is no reason to suppose that 
these roots have passed into a degenerative state without recovery of 
function as roots may be cut and left unstimulated for far longer periods 
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and still be effective. The ineffectiveness of the cut dorsal rootsisdue __ 
to changes in their nerve fibres or nerve endings, but there is reason to 


believe the roots are still capable of conducting impulses (cp. pages 150 
and 161). 

It has been shown aleo that if the spinal ganglion be left in con- 
nection with the root recovery of function always occurs after rest. This 
is true even if its own blood supply be cut off from the ganglion and 
nourishment supplied only by moistening with diluted blood. 


If a nerve is stimulated peripherally to its spinal ganglion, changes’ 


occur in the cells of the spinal ganglion (as described by Hodge and 
others) if the posterior root is allowed to stimulate the cells in the spinal 
cord, but no changes occur in such spinal ganglion cells if the dorsal 
roots are cut before stimulation (also observed by Steinach). 

Some experiments similar to those on the dorsal roots were made 
with the sciatic nerve, the nerve being cut on one side and left in 
connection with its nerve cells on the other. Each nerve was stimulated 
approximately equally for 14—2 hours a day. After three or four days 
the cut sciatic gave much weaker contractions than the intact nerve 
but complete ineffectiveness was not obtained before the death of the 
animal. 


Some observations on the form and duration of the crossed lex. : 


which bear slightly on the questions seater in this paper, are also 
given (cp. sect. 6). . 
‘ The facts given above seem to me difficult to explain on the common 


view that the ineffectiveness of a nerve on protracted stimulation (so far. 


as it is not due to fatigue in the cells of the activated organ) is due to 
abolition of the conductivity of the nerve ending. And it seems to me 
simpler to suppose that the nerve cells secrete a substance the passage 
of which from thé nerve endings is necessary to stimulation. The 
recovery of effect after transient fatigue I attribute to the passage of a 
portion of this substance down the nerve fibre to the nerve ending. 
The absence of recovery after prolonged stimulation I attribute to the 
whole of the substance in the nerve fibres being used up, and to their 
being incapable of making 1 more when severed from their nerve cells, 


Before concluding I ‘ike this opportunity of thanking Prof. Munk 


and. especially Prof. Starling for their kindly advice as well as the use 
of their laboratories and instruments, and also to Prof. Langley for 
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ON SOME PHYSIOLOGICAL ACTIONS OF ERGOT. 
By H. H. DALE. 2 


(From the Wellcome Physiologial Research Laboratories, 
Herne Hill.) igs 


A PRELIMINARY note on the phenomena dealt with more completely 
in this paper was entitled, “The Physiological Action of Chrysotoxin'.” 
Since the date of that publication further experiment has shown that 
the action is due to a principle, or combination of principles, which, by — 
the aid of ‘the physiological test, can be recognised in the’ various 
substances for which the title of “active principle * has been claimed, 


and indeed in all preparations of ergot possessing therapeutic activity. 


The active resin extracted from chrysotoxin, and called by Jacobj? 
“ sphacelotoxin,” gives the effect in doses of a few milligrammes. So — 
also do preparations corresponding in mode‘of extraction and solubility 
to the “cornutine” of Kobert, and differing from that substance only in 
their failure to elicit the spasms in frogs, described by Kobert? as 
characteristic—a failure by no means unique in the experience of those 
who have worked with “cornutiné” since Kobert. A tesinous substance 
separated from commercial ergotinine also gives the ‘reaction very 


typically ‘and’ in small dosages; ‘while, in’ farger quantities, many 


specimens of the ordinary pharmacopeeial ‘extracts produce the same 

effects, complicated only by the’ presence of depressant impurities. 
These facts make it impossible to speak of the action any longer as 

that of chrysotoxin; On the other hand, the wide acceptance of 


Kobert’s* view as to the’ difference’ between sphacelotoxin (in sphace- 


linie acid) ‘and cornutine would render the attribution of the effects to 
either of those substances misleading. The introduction of new names 
onthe strength of physiological results, and in default of chemical 
isolation of principles, would inevitably add to the existing confusion, 
} Proc. Phys. Soc. p. lwiii. 1905. (This Journal, xxxt1.) ; ; 
Arch. f. eap. Path. u. Pharm. xxix. p, 85, 1897: 
3 Arch. f. eap. Path. u. Pharm. xvut. p. 816. 1884. 4 loc. cit. 


PH. XXXIV. 
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H, H. DALE. 

and I have thought it better to speak of the action as that of “ ergot,” 
and to mention in the body of the paper the particular preparations 
used. This seemed the more desirable in view of the possibility that 
the effects are due, not to one but to two closely associated principles. 
Dr G. Barger is investigating the matter from the chemical side, and 
in a later joint paper we hope to deal with the nature of the active 
substance or substances, their distribution in ergot preparations, and 
the therapeutic ication of our results. This paper is concerned 
with the action only in so far as it _— to be of — physiological 
interest, - 

Since the various in the here described, 
while free from ergotinic acid, choline and the other depressant 
impurities of galenical preparations, contain varying proportions of 
inert matter, it will be understood that indications as to dosage can be 
no more than rough approximations, Chrysotoxin, which generally 
contains about 99°/, of inactive but harmless material, was the form of 
administration in all the earlier experiments. In many: cases the 


chrysotoxin was dissolved: in the smallest possible volume. of ethyl — 
alcohol, just enough sodium hydrate added to prevent precipitation on — 


the addition of water, and the solution then diluted with water. to a 
strength of 1°/, chrysotoxin. In other cases the preformed. water- 
soluble sodium salt was used, prepared by precipitation from a solution 
in dry ether by means of sodium ethylate. This preparation possesses 
a good deal of the activity of the original chrysotoxin, but not all, nor 
even a constant proportion of it. Preparations corresponding . to 
Jacobj’s sphacelotoxin and to Kobert’s cornutine were used in many 
of the later experiments, and were similarly dissolved in dilute sodium 
hydrate. Their activitys varied from 20 up to 100 times that of the 
average specimen of chrysotoxin. 

The experiments here discussed are concerned ole with ah 
_ prompt effects of intravenous injection as can be observed directly, or 
with the aid of mechanical methods of recording, in the anaesthetised 
or pithed animal. No new observations have been made on the slowly 
developed effects of administration by the mouth or hypodermically to 
_ the intact animal, and these will be dealt with only incidentally. Most 
of the experiments were made on cats: a few also on rabbits, dogs, 
monkeys, ferrets, and fowls, the purpose for which each species was 
used being indicated in dealing with the results of particular 


experiments. The animals were always anmsthetised with chloroform, 


= or A.C.E. mixture, unless or until the cerebrum was cena 
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The ‘effects of intravenous injection, the mode ‘of administration 
used throughout these experiments, are divisible into two. ‘classes, 
corresponding to a ptimary or stimulant, and a secondary or paralytic 
stage of the drug’s action. It will be convenient, however, as giving a 
more connected picture of the sequence of events, to deal, in the first 
been made. 


Cmovtatony 


Primary or stimulant action. The first definite demon- 
stration of the. stimulant effect of ergot on the peripheral arteries was 
given by Kobert'. The gangrenous phenomena which he observed in - 
the comb and_other peripheral structures of the fowl and the pig, as the 
result of administering sphacelinic aeid, were attributed by v. Reck- 
linghausen,who investigated the phenomena histologically, to “powerful 
and persistent constriction of the arterioles.” In contrast to this repeatedly 
confirmed and now familiar action on the cock’s comb, the results of 
observing the effect on blood-pressure have been very variable and 


unsatisfactory. Setting aside, us merely misleading, the numerous 


observations on the depressant effect of crude extracts given intraven- 
ously’, the recorded results with such comparatively pure preparations 
as sphacelotoxin and cornutine are surprisingly inconclusive. Kobert 
gave an intravenous injection of the sodium salt of sphacelinic acid to a 
rabbit and observed a rise of blood-pressure, beginning 8-10 minutes 
after the injection, followed by strychnine-like spasms of the whole 
animal and cessation of respiration, with which the blood-pressure fell 
rapidly. In a rabbit deeply chloralised, or with the cord cut in the 
neck, he observed rio trace of these phenomena. This description may 
well raise a doubt as to whether the whole phenomenon be not 
asphyxial in origin: but that supposition seems to be excluded by 


the fact that Kobert observed a larger rise of pressure in a curarised | Z 


rabbit with artificial respiration. Under the same conditions he observed 
a rise of pressure with cornutine. 

Jacobj*, who obtained with his preparations similar effects on the 
cock’s comb to those observed by K obert, found but slight effects on 


1 Loe, 
2 Cf. a recent paper by Sollmann and Brown sisal American Med. Assoc. 
ts. 
3 loc. cit. 
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the blood-pressure of rabbits and cats as the result of intravenous 
: injection. It is noteworthy that, in contrast to Kobert, J acobj only 
obtained a rise of blood-pressure of any significant magnitude in a cat a 
with the spinal cord cut in the neck. _ = 
- Santesson', experimenting with a preparation called “cornutine” by 2 
Keller, and with pharmaceutical extracts, obtained a significant rise of :: 
pressure only in the fowl. In rabbits the first dose caused a slight rise, ‘4 
subsequent doses a fall of pressure. 

In experiments in which I have used a cat breathing naturally, 
under ether, the effects of intravenous injection have been similarly 
irregular and unsatisfactory, the usual result of an intravenous injection — 
ef chrysotoxin, sphacelotoxin, or cornutine being a small preliminary 
rise of blood-pressure, giving way, a8 respiration fails, to a prolonged fall. 
The respiration becomes hurried and very shallow, and may finally 
cease altogether ; the central origin of the paralysis being proved by 
the unimpaired response of the diaphragm to stimulation of the phrenic 
nerves, A phenomenon may be mentioned here which is described by 

Jacobj as characteristic of his “ * secalintoxin’,” and which I have seen 
several times with chrysotoxin and other preparations. If, when the 
blood-pressure has fallen, to a low level as a result of the respiratory 
| paralysis, artificial respiration | be applied, the pressure rises rapidly to 
| -@ level considerably above the original. Any intermission of artificial 
respiration now causes ai immediate and steep fall of pressure, giving 
WAY, again to.a rapid. rise when the respiration is. resumed, The ip 
nificance of this. effect will become obvious at a later stage: 
immediate importance is to indicate the necessity of using an se 
- already under artificial respiration: if. the effects of these substances 
from ergot on the circulatory system are to be studied in an un- 
complicated form by recording the blood-pressure. Suitable conditions 
are afforded either by the use of curare, combined with a volatile 
anesthetic, or by pithing the brain and medulla oblongata. The latter 
was effected either directly, through the occipito-atlantal membrane, 
or by performing tracheotomy and exposing the cord at the second 
cervical vertebra under chloroform and ether, cutting across the cord 
) at this level and completely destroying the brain with the cord above 
the section. In a cat, prepared by any of these methods, under artificial 
- : respiration, and with cut vagi, unless the medulla oblongata was destroyed _ 
1 Skandinav. Arch. f. Physiol, xm. p. 107. 1902. 


? Stated by Jacobj to be a compound of “sphacelotoxin” with the inactive alkaloid 
**secalin,” 
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the effect of sphacelotoxin and similar preparations is very striking. 
Fig. 1 shows, the effect of injecting 20 mgms. of ‘the sodium salt of 
chrysotoxin, dissolved in 2 c.c. of water, into. the jugular vein. It will 
be seen that the rise of pressure begins a few seconds after the injection 
and develops rapidly, so that the maximum is reached in-.1—2 minutes 
The actual, rapidity of the rise and its persistence vary very greatly in 
different individuals. I have seen an effect.of 10 mgms; of chrysotoxin 
lasting more than 30 minutes. Larger doses produce, on the whole, a 
higher and-more™rapid but less persistent rise of pressure than smaller 
ones, A point of some little interest is illustrated by Fig. 2; viz. that 
when a large dose of the drug is given the respiratory ventilation must 
be unusually vigorous for the pressure to show the normal sustained rise. 


Fig. 1. x} linear. . Effect, of the 
sodium: salt of chrysotoxin intravenously. 
In the case illustrated in Fig, 2 the first rapid rise, caused by injection of 
50 mgms. of sodium chrysotoxin, soon gave way to a fall, which was 
increasing in rapidity when it was arrested by narrowing the side-valve 
of the tracheal cannula and increasing the volume of the respiratory 
inflation. The effect is evidently of the same nature as the fall of 
blood-pressure with stoppage of respiration, and its rapid recovery on 
resumption, described by. Jacobj and already mentioned. The con- 
stricting effect of ergot on the pulmonary vessels, described by several 
observers’, suggests itself.as possibly concerned in the matter. 
1 Of. Plumier, Journ. de Phys. et Path. générale, vu. p.13. 1905. 
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‘As to the'e cause of the rise of systemic pressure, the plethysmographic 


| ‘cule ‘from a tat’s 8 leg, shdéwn in Fig. 3, indicates peripheral vaso- 


constriction as:ab least a principal factor.:* A similar tracing is given by 
a plethysmograph containing a loop ‘of small intestine! so that the | 
arterial constriction is widely spread througlt the system. = 
The éffect’ onthe heart is variable. An’ initially slow beat is at fist 
quickened, and the rise produced may, as in Fig. 2, be practically as 


Fig. 2. Fig. 8. 


ee x}. Effect of 50°mgms. of chrysotoxin on blood-pressure of a pithed. cat. 


At R the the 


we volume of the artificial respiration. 
Fig, 3. -x}, of 20 gma of om ad lg of 


. eat under ether and curare, with artificial respiration. 


abrupt as that produced by: adrenaline. A secondary uften 


occurs, and is not abolished eyen by large doses of atropine. When, in 


an animal: with intact medulla, the vagi are uncut, the reflex cardiac 
slowing. prevents any marked rise of blood-pressure. Even with cut 
vagi, or with the medulla destroyed, a frequent effect of the drug, when — 
the heart-beat is rapid and feeble, is to cause slowing ‘and augmentation. 
Changes in the heart-beat aré, therefore, an inconstant factor in the 
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rise of systemic pressure. In a: din similarly prepared the effect is very 
similar—a. large and lasting rise of systemic pressure, mainly due to 
peripheral vaso-constriction. In the rabbit and the monkey, on the 
other hand, I have been unable to detect more than ‘a trace pressor 
effect. In the rabbit, indeed, the primary stimulant effects of the drug 
on any organ appear very slight Py comparison. The pressor effect is 
well marked in the fowl. 

It is quite evident that this rise of blood-pressure is a different 
phenomenon from that described by Kobert. We have here a rise of 
pressure seen well in the cat and dog, scarcely present at all in the 
rabbit, immediate in onset, prolonged in duration, and quite inde- 
pendent of the vaso-motor centre: that described by Kobert was 
marked in the rabbit, slight in the dog, began 8—10 minutes after 
injection, and was abolished by section of the cord and by chloral. 
Whatever be the explanation of Kobert’s observations, there can be 
no doubt that we are here dealing with a true expression of the 
primary vaso-constrictor action of the drug. Discussion of the mode of 
its action may be postponed for the present. 


Secondary or paralytic stage. Since my preliminary ‘nese was 
published Sollmann-and Brown! have independently observed, in. the 


| dog, an obliteration of the pressor effect of adrenaline by intravenous — 


injection of large doses of liquid extract of ergot. The phenomenon, as 


they describe it, is merely a diminution of the adrenaline rise of pressure, 


amounting, in some cases, almost to extinction. Their observation on 
the spleen, referred to in the next section, leaves, however, no room for 
doubt that they had produced, in an imperfect form, the effect now to 
be described. 

To exhibit this paralytic effect on the vascular system in its most 
striking form a large dose of an active preparation of ergot is given 
intravenously to a pithed cat. If, before the resulting rise of pressure 
has suibsided, adrenaline’, nicotine, or a further dose of chrysotoxin, etc., 
be’ injected, the effect is in each case a fall of blood-pressure in place of 
the customary rise (Fig. 4), lasting like the latter for a time proportional 
to the dose given, With most specimens of chrysotoxin 50—100 a 


1 Journal of the American Medical Association, July 22, 1905. 
2 In accordance with physiological custom the name “adrenaline” is used throughout 


_ this paper to denote the active principle of the supra-renal gland, in whatever form 


administered. Simple extracts of the gland, commercial preparations issued under various 


“brand” names, and solutions of the 
alll give the effects described. 
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170 AOA. DALE. 
is sufficient produce this reversal’of the effect of sidrenaline : of 


Jacobj's sphacelotoxin'I have-had specimens which would: produce it in 


a dose of 2 mgms.; and 1: angm.iof a preparation: corresponding to 
Kobert’s cornutine was similarly effective. A repetition of a small dose 


+ 


Fig. 4. x}. Effect on blood-pressure of mgm, adrenaline after 
5 mgms, of cornutine. 


of adrenaline or nicotine causes a repetition of the depressor effect. 
With large doses—eg. 1 mgm. of adrenaline—the fall is proportionately 
longer, and a fresh injection, while the effect of the first. persists, causes 


vig Eflect of 9 injections each ‘of 1 mgm. 


(b) tracing corresponding to 2 minutes has been cut out. - 3 
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either no effector a slight:further fall (Fig. 5), Stimulation of the 
splanchnic nerves (Fig. 6) or of the spinal cord causes a quite similar 
fall of pressure. . On. the -other, hand, barium: chloride (Fig. 7) and 
pituitary: extract (see Fig; 26) produce the usual rise. 


“Fig. 6: Fig. 7. 
Fig. 6. x4. Effect on hlood-ptessare of the splanchnic nerve (coil at 
ae 10cm.) after 100 mgms. of chrysotoxin. 
Fig. 7. on, Bodh, after 150 mgms. of 
chrysotoxin. 

If small successive injections of the drop ‘ ee 10 mgm. 
doses of chrysotoxin—and the effect of adrenaline tested after each, the 
progress of the change can be: followed. The adrenaline rise first — 
‘becomes reduced in height and prolonged in duratiop.. Usually at this 
stage there is an initial rapid rise of about 20:mm,,:after which the 
ascent: becomes. abruptly slower, so that the: curvehas:the form of a 


long, ascending plateau, to which succeeds a gradual decline. Ata later 


stage of the: paralysis adrenaline causes a brief initial tise, ‘succeeded by 
a fall; which may: be: merely. relative: to: the rise, or may carry the 
pressure actually below the level at the time. of injection: this fall: again 
givés way to ‘a long, slow, secondary tise and:decline,: The further 
progress; of ‘the: paralysis is:marked by increasing prominence of this 
depressor phase of the adrenaline effect, with progressive extinction of 
is left 

The: complete is: for ‘quantities of 
adrenaline;):such ‘as: 005—0;1 mgm., than for larger’doses, such as 
1 mgm. or more. There is 4 stage at which 0-1 mgm. of adrenaline | 
causes.a pure depression, when 1 mgm. still causes.a low, prolonged rise. 
A similar rise of pressure is, produced at this stage by electrical 
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excitation of the’ splanchnics with any strength of current which is 


effective at all. Further injections of chrysotoxin then complete the 
paralysis, so that any amount of adrenaline—I have used up to 20 mgms. 
as a dose—and the strongest stimulation of the splanchnic nerves cause 
a simple fall of pressure, 

A similar reversal of the sympathetic pressor effect was s produced i in 
the dog and the ferret', but the fall of pressure observed was in neither 
case so striking as in the cat. The necessary quantity of the ergot 
preparation was also relatively larger; a dog of about 15 kilograms 
requiring 10—20 times the amount which would complete the reversal 
in a cat of 2—3 kilograms, 

It is of incidental interest to note that, when once the paralytic 
effect has been produced in the dog, any quantity of adrenaline may be 
injected without the ordinary danger of heart-failure, attributed by 
Elliott to intravascular clotting. If Elliott’s conclusion is correct the 
clotting must be dependent on some action of adrenaline which ergot 
annuls: for, as.we shall see, many of the effects of adrenaline are 
retained unaltered, so ‘that the substance is not itself destroyed. 

In the rabbit the fall of pressure with adrenaline was never obtained, 
the effect of ergot being, in this animal, a gradual weakening and 
ultimately an approximate abolition of the pressor effect of small doses 
of adrenaline. Even this required large _— of oe drug—about 
200—300 mgms. of active chrysotoxin. 

‘The: fowl is still more resistant to the aa inka action, and with 
chrysotoxin I never succeeded in producing more than a slight diminu- 
tion of the sympathetic pressor effect. Recently, with a powerful 


specimen of cornutine giving vaso-motor reversal in the cat in a dose of. 
1 mgm., I succeeded, by giving 20 mgms. to a cock, in reducing the | 


effect of 0:1 mgm. of adrenaline practically to nil, though 1 mgm. still 
gave a fair rise of blood-pressure. Adrenaline, directly applied i in 1 in 
1,000 solution, then failed to cause contraction of the jejunum. This 
resistance of the fowl is strongly suggestive in éonnexion with its — 
liability to the gangrene associated with ergot poisoning. 

_ * Some conclusions may be drawn at this stage as to the nature of the 
paralytic effect on the vascular system. ‘The unaltered efficacy of barium 
chloride and pituitary extract must first be considered. The importance 
of the barium. effect may be discounted by regarding it as due to a toxic 
rigor of the muscle fibres. This can hardly be urged in the case of pituitary 
hcatuente The effect of this can be repeated a number of times if sufficient 
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interval be allowed to elapse between the injections’. The fact that the 
action is retained unaltered, after doses of ergot preparations which 
entirely remove the normal pressor effect of adrenaline and sympathetic 
stimulation, establishes two important points. | Firstly, it shows that the 
contractile elements in the muscle fibres of the arteries are still capable 
of responding by a normal contraction to an appropriate stimulus : so 
that it is not to any functional change in these elements that we must 
attribute the altered effect'of adrenaline, ete. Secondly, and incidentally, 
the conclusion may be drawn that the pressor principle contained in - 
‘pituitary (infundibular) extracts produces its stimulant effect on the 
arterial muscle not through any part of the sympathetic nervous 
apparatus, not through the related structures on which adrenaline acts, 
but through some other structure or substance of the muscle fibres 
themselves, 
The disappearance of the normal effect of adrenaline can, therefore, 
‘only be attributed either to destruction of that substance, or to 
paralysis of the structures normally affected by it. We have already 
mentioned, and shall shortly proceed to the evidence of the fact, that 
many of the effects of adrenaline are retained: therefore the motor 
structures through which it affects the arterial muscle fibres must be 
paralysed. . This supposition, too, is the only satisfactory explanation 
of the parallel destruction of the pressor effects of nicotine and of 
exciting sympathetic nerve fibres. For a simple, progressive oblitera- 
tion of the pressor effect, as seen in the rabbit, no farther explanation _ 
is required. The case is different where, as in the cat and other 
carnivora, the ordinary rise of pressure is replaced by a fall almost as 
marked. That,’ in. this case also, the sympathetic motor myoneural 
junctions? in the arterial walls are paralysed is obvious: but the actual 
depression remains to be accounted for. As a step towards this it is 
necessary, in the first place, to decide whether the fall of pressure is due 
to cardiac depression or to vaso-dilation. Unless very large doses of 
ergot preparations have been given the heart is still obviously 
accelerated and the: beat certainly not weakened. during the fall of 
pressure caused by adrenaline: moreover, stimulation of the peripheral 
ends of the splanchnic nerves, which causes a similar depression, cannot 
1 Of. Schafer and Vincent. This Journal, xx1v. p. xix. (Proc. Phys. Soc.). 1899. 
© This term is used here in the sense in which it is employed by Elliott (this Journal, 
xxx11. pp. 434—436. 1905), to denote the structure which can be excited either by adrenaline 
or by impulses in sympathetic axons, If Langley’s recent terminology be accepted 
(this Journal, xxxm. p. 374, 1905), “ receptive substance for adrenaline” mast be 
‘substituted throughout for ‘‘ sympathetic junction,” 
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affect the heart. If any doubt remained: it could be at once removed 
_ by a plethysmographic experiment, which shows that with the fall of 
pressure produced by adrefialine or splanchnic stimulation there is a 
concomitant increase in intestinal volume (Fig. 8). Direct inspection 
during the fall of pressure detects a slight flushing of the bowel : and 
the same is seen better by local application of adrenaline, which 
produces a slight local hyperemia in place of the usual pallor. Vaso- 
dilation is thus directly praved to be the cause of the depressor effect, 


> 


‘each of mgm. adrenaline, after 100 mgms. 


‘and a eardiac origin of the ‘This vaso-dilation, 
however, may be passively produced by relaxation of the intrinsic — 
musculature of the intestinal wall. This, in the absence of vaso- 
constriction, would allow the intestine to become hypermmic, diminish 
the peripheral vascular resistance, increase the total volume of the 
system, and might thus be responsible for the fall of blood-pressure. 
That the contractile abdominal viscera do still relax with adrenaline 


or stimulation of the splanchnics, after the ergot paralysis is complete, _ 
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will be shown later. But though this relaxation may, and probably 
does play some small part in the production of the phenomenon, it is 
certainly not. the sole or the principal cause: for adrenaline still causes 
a marked fall of pressure when the whole of the contractile viscera have 
been removed from the abdomen, the liver being by this iasoues 
necessarily excluded also from the circulation (Fig. ¢ 


Fall. of blood-pressure produced by 0-1 mgm. 


The vako-dilation. can, further, directly in non- 


pigmented pads ,of the. cat’s. foot. . Stimulation of. the abdominal 


sympathetic, between the 4th and 5th lumbar ganglia caused marked 
pallor of the pads of the hind-foot of the. same side...5 mgms.. of 
cornutine were then given intravenously and the stimulation repeated. 
The pads now became slightly, but distinctly pinker. A similar 
flushing was caused by injecting a few minims of 1 in 1000 adrenaline 
directly into the femoral artery. — 

We are thus left with one possibility only: the effect, which, as we 
have seen, is on the sympathetic myoneural junctions, must be of such 
a nature that the stimulus of adrenaline, or of impulses in sympathetic 
axons, causes relaxation of the muscular wall of the arteries in place of 
the normal constriction., A complete analysis of the effect can be made 
only by parallel considerations. of the effects on other plain muscular 
structures: but a few other experiments illustrating the. effect on the 
vascular system must first be mentioned. | 

in excess of those necessary to 
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convert the effect of any dose of adrenaline or of the strongest stimulation 
of the splanchnics into pure depression, stimulation of the chorda 
tympani causes the usual acceleration of blood-flow through the cat's 
submaxillary gland, as seen by the rate of hemorrhage from a small cut 
vein draining the gland. Under the same conditions stimulation of. the 
2nd and 3rd sacral roots in the spinal canal caused a marked erection of 
the penis, not perceptibly different from that obtained before the ergot 
was given. The inhibitory effect of the vagus on the heart likewise 
suffered no trace of diminution: indeed, after large doses of ergot the 
inhibition seemed to be more complete with the weaker stimuli than 
before. With the secondary coil at 10 cm., for example, I obtained a 
very partial inhibitory effect from either vagus at the beginning of one 
experiment, After giving 150 mgms, of chrysotoxin a much more 
complete effect was obtained with the same strength of stimulus. 
This difference can probably be explained by removal of tonic accele- 
rator impulses in the true sympathetic. However that may be, the | 
fact of importance is that the cranial and sacral autonomic inhibitory — 
nerves to the heart and arteries suffer no paralysis at any level. 
The cardio-accelerator effect of adrenaline, as stated above, is not 
abolished by such doses of ergot as suffice to reverse the effect on the 
blood-pressure. With larger doses, however, the accelerator myoneural | 
junctions also suffer paralysis, about 200—300. mgms. of active chryso- 
toxin being normally sufficient to complete the effect. There is here 
no question of reversal: neither by adrenaline nor by electrical excitation 
of the cardiac branches from the stellate ganglion have 1 succeeded in 
producing a slowing of the heart. The effect was, like that on the 
arteries of the rabbit, a simple progressive abolition of the action of the 
sympathetic and of adrenaline. 


THE ‘SPLEEN. 


The observations were made on cats with the brain. withed: The 

_ spleen was enclosed in an air plethysmograph, registration being made 
by a large Hiirthle piston-recorder. A preliminary dose of ‘1 mgm. of 
adrenaline caused the usual rise of blood-pressure and contraction of 
the spleen. Two successive doses of chrysotoxin, of 50 mgms. each, were 
then given. .Each injection caused a brief contraction succeeded by 
steady dilation‘of the spleen: and since the second injection :caused no 
rise of blood-pressure above the level. maintained after the first injection, 
the effects must be attributed to the chrysotoxin ‘itself. The course of 
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events suggests a temporary excitation of the motor sympathetic supply 


to the spleen, followed by a blocking of the tonic motor impulses. 


After 100° mgms, or more of chrysotoxin, the fall of blood-pressure 


_ caused by an injection of adrenaline is accompanied by. a small dilation 


of the spleen (Fig: 10). The same effect: was observed by Sollmann 


Pel 10. Pithed cat. Blood- -pressure and spleen-volume. Effect of 0:1 mgm. 
adrenaline after 100 mgms, chrysotoxin. | 


and Brown when they injected adrenaline directly into the spleen after 
very large doses of the liquid extract of ergot. “Here, again, the motor 
effect of direct stimulation of the splenic nerve is far more resistant to 
the paralytic action than is that of adrenaline. Two or three times the 
dose of the ergot preparation must be given for reversal of this effect sid | 
direct stimulation of the nerve. 


3. Tue MuscuLar Coats oF THE INTESTINES. 


The action was observed in the cat, the dog, and the monkey, pithed 
or anzsthetised with A.c.e. or ether. The movements of: the ‘small 
intestine were observed by the balloon method, with a Hiirthle piston- 
recorder or Brodie’s ee von of the get intestine were observed 


directly. 
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Stimulant stage. The effects were:neither striking nor constant, and 
in any case difficult: to interpret. In the dog, with both vagi and 
splanchnics cut, the pendulum movements of the small intestine showed, 
when 50 mgms. of chrysotoxin were given intravenously, a brief inhibition, 
followed by a permanent increase both of the tone of the muscle and the 
amplitude of the pendulum movements. In the cat a temporary increase 
of tone and a few powerful waves of peristalsis were sometimes 
produced : in other cases the effect was merely a slight increase of the 
amplitude of the pendulum movements, In the monkey (one experi- 

ment) a slight increase of tone was the only result. It is difficult to 
detc.mine to what extent these effects are due to changes of blood- 
pressure in the pithed animal, or to the progressive asphyxia in the 
- animal without artificial respiration. In any case they are comparatively 
slight. The same may be said of the movements of the large intestine, 
where some increase of rican activity was all that could be 

observed. 

Paralytie stage. After the largest doses of ergot administered—up 
to 500 mgms, of active chrysotoxin—the muscle of the intestinal walls 
responded by a, quite normal inhibition to adrenaline or stimulation of 

the sympathetic nerves. Fig. 11 shows a record of the inhibitory 


Fig, 11. ‘Fig. 12. 

Fig. 11, x4. Pithed cat. Blood-pressure and contractions of intestine (balloon and 
bellows record). Effect of 0:1 mgm. of adrenaline after 5 mgms. cornutine, 

Fig. 12. x}. Contractions of cat’s jejunum (balloon and. piston. recorder) caused by 2 


stimulations of the right vagus (coil ‘at 8 cm.) after 150 mgms. chrysotoxin. Before 


the chrysotoxin was given the same stimulus was without visible effect. 
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effect of adrenaline on the jejunum of the cat at a stage when the effect 
on the blood-pressure was completely reversed. The inhibitory effect 

_ was apparently somewhat diminished in extent and duration, but it was 
always present with the weakest stimulation and with quite small doses 
of adrenaline. The same was true of the large ew as Gri as vont 
be judged by direct inspection. 

The effect of stimulating the cranial and euak autonomic sais 
was certainly not diminished. On the contrary, there was evidence that 
it was increased. Fig. 12 shows the effect on the jejunum of 

stimulating the vagus in the neck of an atropinised cat, after 
administration of 150 mgms. of chrysotoxin. The splanchnic nerves were 
intact, and previous stimulations of the vagus with the same strength 
of current had been without perceptible effect. It is impossible, in 
making such a comparison, to exclude altogether the “Bahnung” 
| _ described by Bayliss and Starling' as the result of repeated excitation. 
a But, in view of the difficulty of eliciting any response from the cat’s 
| intestine by vagus stimulation when the splanchnics are intact, some 
part in the very vigorous effect here shown may, with great probability, 
1 _ be attributed to the chrysotoxin. This may act by a relatively small 
ae depression of the sensitiveness of the sympathetic myoneural junctions, 
| i _ sufficient to weaken tonic inhibitory impulses from the spinal cord, but 
insufficient to. make any. considerable alteration in the powerful effect 
of adrenaline or electrical excitation of the splanchnics : or there may be 
, an increase of excitability at- some level of the cranial autonomic 
nerve-supply. ‘The point of importance is that the motor myoneural 
junctions of the vagus are as little affected as.its. inhibitory endings.in 
heart-muscle; and that the same is true of sacral autonomic-endings is 
made obvious by the marked contraction of the large intestine still seen 
when the pelvic nerve is- stimulated after. doses of 


3 


‘Tar. 


The ‘leo-colie sphincter. Elliott* has shown that. in 
animals a short terminal portion of the circular muscle-coat of the small 
4 intestine is thickened to form an ileo-colic sphincter, which differs from 
2 the rest of the small intestine in giving a purely motor response to — 
‘ stimulation of the splanchnic nerves, to ansmia, or to adrenaline. 


1 Bayliss and Starling. This Journal, xxtv. 99. 1899. 
Blliott. This Journal, p. 157. 1904. 
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My were made on cats, anesthetised with or 
with the brain pithed, the contractions of the sphincter being registered 
by Elliott’s pencil-recorder and a small Brodie’s bellows. A preliminary 
dose of adrenaline and stimulation of the splanchnics caused the normal 
contraction of the sphincter. ‘Two successive doses of 50 mgms, each of 
chrysotoxin were then given intravenously. A few wave-like con- 
tractions of the sphincter were sometimes observed, but’ the main effect 
was a gradual loss of tone, so that, if the recorder was removed, the 
sphincter; as viewed from the opened large intestine, was seen to be 
widely relaxed. Neither large doses (1 mgm. or more) of adrenaline, — 
nor stimulation of the splanchnic nerves, now caused any increase or 
diminution of the patency of the orifice, as observed directly or 
_ registered by the pencil-recorder. The efficiency of the apparatus to 
i record a contraction was assured by gently pinching the sphincter, and 
its capacity for registering a further relaxation, if such had occurred, 
was shown by the fall of the lever when the recorder was displaced just 
above or below the grip of the sphincter. No trace of such relaxation 
was observed in the six experiments made, and it must be concluded 
that a mere extinction of the motor effect of the sympathetic nerves 
and of adrenaline is the result in this case of paralytic doses of 

(2) The internal anal sphincter. Langley and Anderson’ observed 
that the effect of stimulating the true sympathetic nerve-supply to this 
sphincter is motor in the cat, inhibitory in the rabbit.’ The uncertainty 
of the response in the rabbit and the motor effect obtained in the cat, 
led them to the view that there is an admixture of motor fibres in the . 
sympathetic nerve-supply to the rabbit’s sphincter: and on similar : | 
grounds the probability of an inhibitory admixture in the cat might be 
urged. My experiments were made on etherised or pithed cats, curare 
being given in addition to paralyse the external sphincter. The 
movements were observed either directly, the paralysed external 
sphincter being held open, or by the pencil-recorder method. Fig. 13 
shows the motor effect of stimulating the hypogastric nerves before 
chrysotoxin was given. The administration of upwards of 100 mgms. of 
the latter caused only.a loss of the tone of the sphincter. Stimulation 4 

_ of the hypogastric nerves then gave a purely inhibitory effect, illustrated | 
in Fig. 14. The intravenous injection of adrenaline gave practically & 
as results, the only divergence being that the motor response . = 


Leogley and Anderson... This Journal; EVEN. p.. 1895. 
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before ohepbinenti was weaker, the inhibitory effect, after that drug was 
givén, more marked and obtainable at an earlier stage of the paralysis 
then when the hypogastric herves were stimulated. 


Fig. 18. Fig. 14. 

Fig. 18. x4.  Peneil-recorder and bellows record from internal anal sphincter of cat. 

Effect of stimulating both hypogastrics peripherally, coil at 10cm. Contraction of 

sphincter. Adrenaline gave the same. 

Fig. 14. . x4. Continuation of Fig. 14. Stimulation of hypogastries with same current 
after 150 mgms. chrysotoxin. Relaxation of sphincter. Adrenaline caused similar 
relaxation. The lever was raised between Figs. 13 and 14: the tone of the sphincter _ 
in Fig. 14 was lower than in Fig. 18. 


In the case of the two involuntary sphincters of the intestines of the 

: F , cat we have, therefore, structures which both respond by contraction to 

| : stimulation of the sympathetic nerve-supply or to adrenaline. When 

_ the paralytic effect of ergot has been produced the same methods of 
stimulation produce in the one case no effect, in the other pure 
relaxation. 


5. Tue STomAcn. 


3 The movements of the cat's stomach were recorded by passing a 
No. 12 silk catheter down the cesophagus and through the cardiac 
sphincter. The duodenum was tied just beyond the pylorus, the stomach 
filled with warm saline, and the csophagus tied tightly round the 
| catheter. The abdominal walls were opened and retracted, the whole 
: abdomen being in a warm saline bath. The catheter was connected to 
4 « large bulb half-full of warm saline, which again communicated with a 
: large bellows-recorder. A pithed cat was used. The injection of 
50 mgms. of active chrysotoxin intravenously caused the normal rise of 
blood-pressure, which was accompanied by a slight increase in the tone 
and rhythm of the stomach. A second 50 mgms. produced no further 
| | 12—2 
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effect. Intravenous injection of mgm, of adrenaline then caused 4 
- fall ‘of: toné and inhibition of rhytlimn practically identical with that 
which the same dose produced before administration of chrysotoxin : 
but in this case a slight fall of blood-pressure replaced the usual rise 
(Fig, 15); The splanchnics were not stimulated, but the result indicates 
sufficiently well that the sympathetic inhibitors to the stomach mus- 
culature are, like those of the intestines, unaffected by chrysotoxin in 


dosage sufficient to paralyse vaso-motor effecte completely. 


Fig. 15. x. Stomach-volume (bellows-recorder) and blood-pressure of cat after 
100 mgms. of chrysotoxin. Injection of 0-1 mgm. of 


6. ‘THE GALL-BLADDER. 


a published paper by and myself! the 
effect of chrysotoxin on the gall-bladder of the dog was described. 
For details and figures reference to that paper may be made. Here it 
is sufficient to recall the fact that in the stimulant stage the drug 
caused some rise of tone and increase of rhythm, and that, when the 
weer ieee was complete, adrenaline still caused perfect inhibition of 


This Journal, xxxmr. p.188. 1905) 
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: sphincter, relaxation of the fundus of the bladder itself. — 
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the gall-bladder without rise:of blood-pressure ;: while it was only under 
these conditions that the motor ‘effect of the vagus could be definitely 
and régularly observed. The effects are therefore closely similar to 
those on the small intestine of the dog and cat, the motor vagus and 
inhibitor true sympathetic nerve-supplies being alike immune from the 
7. Tae Urivary BLapper URETHRAL SPHINCTER. 

(1) The cat. The work of Langley and Anderson’, Stewart’, 
Lewandowsky*, and Elliott‘, has shown that the effect on the bladder 


of stimulating the true sympathetic (hypogastric) nerves, or of adrenaline, 
is to cause contraction of the base of the bladder and of the urethral 


Fig. 16. x}. Relaxation of bladder and fall of blood-pressure of cat caused by 0°5 mgm. 
-cornutine of which 1 mgm. caused vaso-motor reversal. 


1 This Journal, xix. p.'78. 1895. 

American Journal of Physiology, a 
Oentralbl, f. Physiol. p. 488. 1900. 
. 4 This Journal, xxxu. p. 401. 1905, 
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‘ In my experiments the volume of the bladder contents was registered 
be the ordinary. combination of catheter, water. reservoir, and bellows- 


recorder, The level of the.water in the reservoir was about 15 cm. 


above the fundus of the bladder. In the primary stimulant stage of 
their action ergot preparations cause a slight inhibition of the fundus 
succeeded by a prolonged, progressive increase of tone. This is not due 
merely to the rise of blood-pressure, since a second dose, which caused 
no further rise of eo elicited a repetition of the bladder- 
response. 

When the paralytic effect on the arteries. was complete adrenaline 
still caused a full inhibition of the fundus, a dose of 0'2—0°3 mgr. 
causing 15 ¢.c, or more of water to enter the bladder from the reservoir: 
the relaxation was, moreover, of normal persistence. (Fig. 16). The 
same result was obtained by direct stimulation of the hypogastric nerves : 
but the initial rise of the lever, normally observed with this method 
of stimulation, was now lost. Direct observation showed, however, that 
the contraction of muscle fibres over the base of the bladder was still 
present, though weak, Even after very large doses (200—300 nigms.) 
of chrysotoxin a feeble contraction was still perceptible. 


The effect of adrenaline, and of stimulating the hypogastric nerves, — 


on the urethtal sphincter was tested by a method used by Elliott, the 
column of water supported by the sphincter being measured. The 
following extract from an experimental record illustrates the effect of 
 chrysotoxin on the response of the sphincter to _ stimulation. 


1, Female cat, weighing 3 kilograms, 
10.80 a.m. Chloroform; then ether, Tracheotomy: vagi cut. ea a 
carotid artery, cannula in external jugular vein, 
11.5, Cannule in urethra: upper one, with connection to adjustable water column, tied 
_ into lower part of bladder: lower one inserted into meatus and not tied. 


About 15 mm. of urethra between the inmer orifices of cannulm, Upper — 
cannula clamped in position. Hypogastric nerves decentralised and peripheral 


ends put on Ludwig electrodes. 
11.50, Drops issue from lower urethral cannula when pressure reaches 16 cm, water : 
cease when pressure falls to 14 om, 


12.25 p.m, 26.6, of adrenaline into jugular vein. 


not open till pressure reaches 34 cm. : 

1.26, ° Urethral sphincter opens at 17 om. pressure, closes again at 16 om. 

1.88. Stimulation of hypogastric nerves, coil at 8 cm. Contraction of base of bladder 
raised water-column to 24 cm. Urethral sphincter resisted thie, and did not 
open till pressure was raised to 34 cm. 

1.40, 50 mgms. sodium chrysotoxin in 5 ¢,c. of water injected into jugular vein. 

| B-p. rises from 96-120 mm. and then falls to 46 mm, aé respiration fails. 
Artificial respiration applied. ee 
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of 11 om. water. Remnant of bladder exhibits rhythmical oon- 
tractions, causing spirts of fluid through relaxed. urethra. 
149. 50 mgms. sodium chrysotoxin. B-p. rises from 56—72 mm. and fall again to 
56mm. Urethral sphincter now opens at 10cm. water. 
155, Stimulate hypogastrics: coil at 8 cm. Base of bladder contracts slightly, raising 
1 pressure to 12 ¢m., at which pressure water escapes through urethra, and 
continues to do so until pressure falls to 9 cm. There is obviously no 
contraction of the sphincter, 


2.9. Stimulate hypogastrics. Coil at 7-5. No contraction of urethral sphincter, which 


again opens at 9 om. 
2.13. 2.00. rebve sdrenaline by jugular vin B-p. falls from 90 mm. to 76 mm., 
retains depressed for 1 min. and then rises to reach 100 mm., 2 min. from 

injection. Urethral sphincter- unaffected, opening at 10 cm. 

2.18. Stimulation of hypogastries, coil at 4cm. No effect. Urethra becomes pervious 
at_ 10 om. pressure. 

2.23. Dy. the jugoler, velo. B-p. rises from 68—94 mm., the 

| rise being apparently due to augmentation and acceleration of the heart-beat. 
Urethra unaffected, being pervious at 8 cm. pressure. 


_It is clear that ergot in large doses annuls the motor ane 
urethral sphincter to stimulation of the hypogastric nerves and to 
adrenaline. To stimulation of the pelvic nerves, or of the sacral roots, 
the bladder responds after ergot, as before, by complete and — 
contraction. 


(2) The ferret. The experiment was performed at Cambridge by 
Mr T. R. Elliott, and a full description of the result is given in his 
paper on the action of adrenaline’. We found that the motor effect of 
the hypogastric nerves and of adrenaline on the fundus of the bladder 
was changed, by 30 mgms. of chrysotoxin, into a purely inhibitor response 
to adrenaline, and a predominant inhibition with preliminary motor 
phase with stimulation of the hypogastrics. The motor effect evoked — 
by electrical. excitation of the nerves was, therefore, as in other cases. 
more resistant to the paralysis than that of adrenaline. Nicotine still 
caused the usual contraction, showing that the motor supply by the 
pelvic nerves was, as elsewhere, not paralysed. ) 


8, THE PiLG-MOTOR 


In my preliminary account it was stated that the pilo-motor effect of 
stimulating sympathetic nerves was not affected by chrysotoxin. The 
statement was made on the basis of an observation made at the end of 
an experiment, about an hour after a sufficient dose of chrysotoxin had 
been administered to reverse the effect of adrenaline on the blood- 


1 This Journal, xxxm. p. 401. 1905. 
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pressure. Later experience having shown’ that tlie effect of any but a 
very large dose of the drug would after an hour be diminishing, and 
that other sympathetic motor supplies, such as that to the base of the 
bladder, need. larger doses for the production of the paralysis than such 
as suffice for the vaso-motor reversal, the experiment has been twice 
repeated. The result has shown that a large dose, such as 200 mgms. 
or. more of chrysotoxin, is sufficient to annul the pilo-motor effect, or, at 


least, to reduce it below the limit of perception. oe 


— may be given in illustration. 


Exp. 2. Male cat weighing 8 kilograms. | 
11.50'a.m. Chloroform: brain pithed, tracheotomy, Blood-pressure 
from carotid artery; cannula in external jugular vein. Vagi cut. 
. Abdomen opened, sympathetic cords exposed and ligatured just below 4th lumbar 
ganglia. Ludwig electrodes on cords between ligature and 5th lumbar ganglia. 
19.24, p.m. Stimulation .of sympathetic cords. Coil at 12 om. Rapid and marked 
3 erection of hairs on the dorsum and sides of the tail. 


12.80. 


12.50. Stimulate sympathetic cord, coil at 12 om. No erection of hairs visible. | 

12.52. Stimulate, coil at 10cm. No effect. Coil pushed to 8, 6, 4, 2 om., and tnelly 

‘ pushed home, stimulation being repeated in each position. No trace of pilo- 
motor effect could be detected. With the last 3 stimulations escape of current 
caused tetanic contractions of muscles of back and legs. 

1.4. Sympathetic cords freed between 5th and 6th lumbar ganglia ; electrodes trans: 
ferred to this position and held up to prevent current escape. Stimulation 


_ repeated, with coil at 12, 10, 8, 6, 4,20m. and pushed home. No trace of 
bservable. 


pilo-motor effect o 


9. Tue Muscie or THe Eve, 


Stimulant effects. The following is the train of phenomena dhuerved | 


when 50 mgms. of chrysotoxin, or 1—2 mgms of “sphacelotoxin” or 
“cornutine,” is injected intravenously. | 

(1) Brief dilation of the pupil, lasting a few seconds only. This is 
unaffected by section of the cervical sympathetic nerve, but is absent 
_ after removal of the superior cervical ganglion. _ 


_ (2) Steady contraction of the pupil, accompanied by retraction of 

the nictitating membrane, opening of the palpebral fissure, and slight 
protrusion of the eyeball. The process is slow and may take 10 minutes 
or more to become complete. A second dose of the drug accelerates and 
intensifies the constriction. When it is complete the eye presents the 
appearance shown in Fig, 17 (right eye). Section of the third nerve 
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intracranially' makes, the ‘constriction a little slower ; but 20 mgms, of. 
does not abolish it or prevent it. 


Fig. 17. x4. Effect on pupil of 100 mgms. of chrysotoxin. The effect was complete 


_ about 10 minutes after injection. The left carotid was tied, and the effect appeared 
in the left eye later and very slowly. 


Paralytie stage. By giving very large doses of ergot preparations 
I have succeeded in abolishing completely the dilator effect on the pupil 
of the largest doses of adrenaline tried (up to 5 mgms.). Strong 
electrical stimulation of the cervical sympathetic nerve, however, always 
produced a slight remnant of dilator effect. In one instance the pupil 
gave, before chrysotoxin was injected, a maximal dilation when the 
nerve was stimulated with the coil at 30 cm. After 250 ‘mgms. of 
chrysotoxin had been given the coil had to be pushed up to 5 cm. before 
any reaction was observed, In several other similar experiments the 
first sign of reaction was obtained with the coil at 10 cm. In no case is © 
the reaction so obtained a normal dilation. The pupil widens slowly 
into an ellipse and finally into a small circle. When the stimulation is 
stopped it remains in this semi-dilated condition for 10 secs. or more 
and then slowly constricts to a slit again. The intense tone of the 
sphincter is doubtless responsible for this abnormal type of dilation : 
the abolition of the dilator effect of adrenaline and the strong stimulus 
needed to elicit a response through the cervical sympathetic must, on 
the other hand, be taken as evidence of incomplete paralysis of the 
sympathetic myoneural. junctions. 


10. THe Uterus. 

The reaction of this organ was examined in the cat, the rabbit, and 
the monkey. Contractions of the uterus and vagina were usually 
recorded together, since it was found that they contracted as one. In 
the cat records were made of the contractions of the non-pregnant 
uterus and of the uterus in the early stages of pregnancy, by attaching 


1 The experiment was very kindly performed for me at Cambridge by Dr H. K. 


Anderson. 
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@ thread ‘to both horns at a point about 4% of their length from ‘the 
cervix. The longitudinal pull of combined uterus. and® vagina’ was‘ then 
recorded, either by passing the thread over pulleys to a lever, which was 
drawn down by contractions, or by attaching the thread to the short, 
counterpoised lever of Brodie’s bellows, which was connected by rubber 
tubing to a second recording bellows, the lever in this case moving 
upwards with contractions. The cat was pithed and given a small dose 
of curare in addition to eliminate twitching of the perineal muscles. 

An experiment with a pencil recorder in the vagina having demon- 
strated that the reaction of circularly disposed fibres followed thé same 
course as that of the longitudinal ones the method was not used again. 
In one cat it was possible to insert a balloon into one horn of the uterus. 
Details of this experiment are given below. 


In the non-pregnant rabbit the thread and pulley method of 


Wig: Fig. 19, 
is. x Contraction ot rabbit's uterus and vagina (non-pregnant) produced by 
mgm. adrenaline, 


injection of 0°1 mgm. adrenaline. Double-bellows record. 
gastrics gave similar effect. 
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recording was used, as also in the monkey, jap animal the thread 
was attached to the fundus of the:uterus. — 


Tt is necessary, in the first place, to 


uterus of stimulating the sympathetic ‘sens and of giving 
adrenaline in the three types used, as they aré observable with the help 
of graphic records. In the rabbit the motor effect, as described by 
_ Langley and Anderson’, is so evident that the graphic record is quite 
unnecessary for its detection, and Fig. 18 is merely given for compari- — 
son with the record obtained after chrysotoxin. Direct. observation, 
moreover, alone detects the pallor of the uterus accompanying the 


contraction produced by adrenaline or by stimulation of the hypogastric 
nerves. 


It is otherwise in the cat. "Langley and Sdikow described 
the marked pallor of the uterus caused by stimulating the sympathetic 
nerves, and observed that the motor effect was much less pronounced 
and constant than in the rabbit.: Langley* observed the same effect 
with adrenaline. The graphic record shows that, in the non-pregnant 
cat, with either method of stimulation, the motor effect, if present at 
all, isa trifling preliminary phase, giving way to the main, and 
frequently the only effect, which is a pronounced inhibition both of 
tone and rhythmic contractions (Fig. 19). The experiment has now 
been made a large number of times and the result has always been the 
same, in the virgin as well as the non-pregnant, multiparous cat. | 

A remarkable difference of reaction appears when the cat’s uterus is 
examined in the early stages of pregnancy‘, Two experiments were made 
on cats in which each horn of the uterus contained several ova, each 
measuring about 2 cm. in diameter. The recording method used for 
the non-pregnant organ served quite well for this condition also, the 
thread being attached to symmetrical points between the ova. The 
_ effect of adrenaline-and of stimulating the hypogastric nerves was, in 
both these cases, purely motor, the vagina shortening visibly and the 
horns of the uterus being both shortened and contorted. Fig. 20 
shows the record of such a contraction. 


-. On cats in the later stages of pregnancy I have made two ‘experi- 
ments but the recording method was not suited to the conditions, and 


Phis Journal, xxx. p. 1895. Langley. This Journal, xxvu. p.'252, 1901. 
2 loc. cit, loc. cit. 
strated by him to the Physiological Society on March 24th. 
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- of adrenaline, as shown by the record, was, in one case, contraction 


followed by inhibition, in the other. pure contraction. The hypogastric 


nerves could not:.conveniently be reaclied for stimulation under the 


conditions of the experiment. 


Fig. 20.. x4. Contraction of early-pregnant uterus of cat caused by 0:1 mgm. adrenaline. 
String and pulley record. 
Stimulation of hypogastiies gave similar effect. 


One experiment was made on a cat which had, ssinecinsiy given birth 
recently to young, the involution of the uterus being defective. Both 
uterus and vagina were large, soft and doughy, and it was quite éasy to 
pass:a balloon attached to a catheter up the vagina into the uterine 
cavity. .This was distended with water and connected to a water 


reservoir and bellows recorder. The distension of the balloon caused a 


gradually increasing tone of both horns and body of the uterus. The 
bellows record also showed rhythmic contractions. Intravenous injection 
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of 0°1 milligram of adrenaline caused pure inhibition. of both tone and | 
rhythm. 

In the experiment on the monkey the uterus gave a satel motor 
reaction to adrenaline. The animal was a young virgin and the uterus 
accordingly very small. 

Stimulant effects of preparations from ergot. Kobert* stated that 
sphacelinic acid caused the condition known as “tetanus uteri,” cornutine 
causing rhythmic contractions. Jacobj? using pregnant caie, described 


Fig. 21, x4. From same experiment as Fig. 20. Injection of 2 successive doses each 


of 10 mgms. impure cornutine (equivalent to about 1 mgm. dose of the purest 
specimen yet obtained). First, A produces large rise of blood-pressure and very 
pronounced contraction of uterns. As the lever was being pulled off the drum it was 
raised, by adjustment of pulleys, between X-—-X. At B, the second injection of 
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192 
rhythmic waves of contraction as the effect. of injecting chrysotoxin 
intravenously. 


Kiutdimowsky' observed contraction of the isolated oterss of the 
rabbit when sphacelinic acid was added to the perfusion-fluid; but 


stated that the contraction was much less marked than that produced — 


by adrenaline. He deseribed the reaction as tetanic in nature. 

‘In the: non-pregnant rabbit the effects I, have obtained have been 
inconstant, and usually weak, a slight augmentation of the natural 
_ rhythm of the uterus being the only effect observed. Chrysotoxin was 


the preparation used. In one pregnant rabbit, marked, rhythmically 


repeated contractions of the uterus, vagina, and plain muscle of the 
broad ligaments resulted from the injection of 50 mgms. of chrysotoxin. 
In the cat the effect, like that on the blood-pressure, is much more 
vigorous than that seen in the rabbit. Even in the non-pregnant 
uterus, giving a predominantly inhibitory response to stimulation of the 
sympathetic nerve-supply and to adrenaline, a marked motor reaction 
‘is elicited by 50 mgms. of active chrysotoxin, or by 1—5 mgms. of 
“ sphacelotoxin ” or “cornutine.” The nature of the reaction was in all 


cases the same, namely, a considerable development of tone, and some — 


Contraction of monkeys (young, virgin) produced by injection of 
50 mgms. chrysotoxin. Blood-pressure slightly depressed. 


1 Arch. f. Gynaekologie, p. 425. 1904. ' 
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increase in the amplitude of the rhythmic contractions. The same 
of reaction was given in an even more striking manner by the uterus in 
early pregnancy (see Fig. 21). The effect is a prolonged one, and persisted 
in some degree throughout the experiment. In some cases the aug- 
' mented tone and rhythm showed a periodic diminution and revival. 
Some pallor of the uterus, but less than that produced by adrenaline, 
was observed. In the monkey (young virgin) the effect was similar. 
The first injection (50 mgms. of chtysotoxin) caused increase of tone 
q and appearance of rhythm in the previously inactive uterus (Fig. 22). 
a Both effects passed off rather quickly, and'a second injection, given as 
“4 soon as the effect of the first had practically disappeared, caused only a 
temporary revival of the rhythm, Since in the monkey the drug 
hardly affected the blood-pressure the effect on the uterus must be a 
primary one. In the cat, too, there is no distinct relation between the 
two sets of effects: some cats, in which the blood-pressure effect was 
comparatively small, showed marked uterine effects, and vice versd. 
: Probably, therefore, vascular changes are but little, if at all, ay cio ; 
| —_ in the production of the increased uterine activity. 


_ Without entering here into the chemical aspect of the question, 
attention may be drawn to the fact that no difference in the form of 
uterine stimulation was observed between the preparations which, being 
inade from chrysotoxin by Jacobj’s method, I called “ sphacelotoxin,” 
and those which were obtained from ergot by the methods which, 
according to Kobert, yield “cornutine.” In both cases increase of tone 
and a of rhythm were produced. | 


shes 23. x}. Blood-pressure and uterine contractions of rabbit. Same experiment as 
pi Fig. 18; After 200 mgms: chrysotoxin 0°1 mgm. adrenaline was again given, pro- 

ding tet shorn inition of rine abd 
of blood-pressure. 
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_.Paralytie effects. On the uterus, as on the other tissues innervated 
_ by nerves of the true sympathetic system, all the preparations used 
produce, in large doses, the characteristic change in the response to 
adrenaline or stimulation of the sympathetic nerves. Under these 
conditions the uterus of none of the types examined gives any motor 
response to such stimuli. Fig. 23, shows the effect on the rabbit’s 
uterus of adrenaline after 200 mgms. of chrysotoxin had been given: 
the response of the same uterus before chrysotoxin was shown in Fig. 18. 
It will be seen that the effect of adrenaline after chrysotoxin (Fig. 23) 
is a slight, but perceptible inhibition of the rhythmic contractions. 


Fig. 24, Fig. 25. 
Fig. 24. x}. From same experiment as Fig. 19. Effect of 0:1 mgm. adrenaline after 
100 mgms. chrysotoxin, the uterus relaxing as before, but the blood-pressure now 
Fig. 25. x4. From same experiment as Fig. 20. Fall of blood-pressure and relaxation 
of uterus of pregnant cat produced by 0-1 mgm. adrenaline ‘after 20 mgms. impure 
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In the cat, whether the normal effect is inhibitor, motor, or diphasic; 
the effect, after ergot, is pure inhibition of tone and rhythm. Figs. 24 
and 25 are taken from the same two experiments as Figs, 19 and 20, 
It will be seen that the non-pregnant uterus, giving the inhibitor 
response shown in Fig. 19, preserves its reaction to adrenaline practically 
unaltered (Fig. 24) after a dose of chrysotoxin sufficient to cause a 
reversal of the normal blood-pressure effect. On the other hand, the 
early-pregnant organ, which contracted strongly with adrenaline 
(Fig. 20), relaxed as obviously when adrenaline was given again after 
10 mgms. of impure “cornutine” (Fig. 25). Direct observation of the 
cat's uterus during such experiments reveals the fact that, whereas it 
normally becomes intensely pale when adrenaline is given or the 
hypogastrics stimulated, whether the intrinsic uterine muscle contracts 


Fig. 26. x4. Continuation of experiment illustrated in Figs. 20 and 25. After the 
effect shown in Fig. 25, extract from 0°4 gram. dried ox-pituitary was given intra- 
venously; producing the rise of blood-pressure and contraction of the uterus shown 
in the figure. | | 

PH. XXXIV. 13 
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or relaxes, after large doses of ergot the relaxation produced by either 
mode of stimulation is accompanied by a slight, but distinct ee of 
the organ. 

In the monkey the inhibition of the uterus produced by wistialine 
after ergot affects both tone and rhythm and there is an after-effect, in 


the shape of a great exaggeration of the rhythm, which is possibly 


attributable to hyperemia, The same phenomena are seen, though less 
marked in the cat. 

As in the case of the blood vessels, the power of the uterine muscle 
still to respond. by normal contraction to an appropriate stimulus, when 
the sympathetic motor effect has been completely annulled by ergot, is 
easily demonstrated by giving pituitary extract intravenously (Fig. 26). 


11. Rerractor Penis. (Doc.) 


The dog was anesthetised with mixture, The contractions 
were recorded by means of a thread attached to the tip of the retractor 
and passing over two pulleys to a lever which was pulled downwards by 
contraction of the muscle. A similar connection was made with another 
lever, by a thread attached to the prepuce, as a control on movements 
of the whole penis with respiration. 


Fig. 27. Fig. 28. 
Fig. 27. x}. Contraction of retractor penis of dog produced by injection of 0-1 mgm. 
adrenaline intravenously. Usual. rise of blood-pressure, Second line of tracing 
=control lever from prepuce. 


Fig. 28.. x}. Same experiment as Fig. 27, after injection of 200 mgms. chrysotoxin. 
mgm. of adrenaline again injected, 
penis. Slight fall of blood-pressure occurred, 
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The usual motor reaction was obtained by stimulating the pudic 
nerves and giving adrenaline intravenously (Fig. 27), the usual rise of 


blood-pressure accompanying the latter mode of stimulation. Chryso- 


toxin was then given, 200 mgms. being, in all, injected. The primary 
effect was a small increase in the tone of the retractor and the amplitude 
of its rhythmic contractions. Subsequent injections of adrenaline and 
stimulation of the pudic nerve had no perceptible influence, in either 
direction, on the activity of the-retractor (Fig. 28). 


12. Tae SUBMAXILLARY GLAND. 


“The experiments were made on cats with the brain bithed. The 


results were uniform, and are illustrated by the following experimental 
record : 


Exe. 8. Male cat, weighing 2870 grms. 

10,45 a.m. Chloroform. Cerebrum pithed. Tracheotomy. Artificial respiration. Vagi 
cut. Cannula in Wharton’s duct. 

11.22. Chorda tympani stimulated to fill cannula, which was then connected to a long, 
narrow, slightly inclined tube. Each cm. of sgale=0°04.c.c, Cervical sym- 
pathetic isolated for stimulation. 

11.27. Cervical sympathetic stimulated: coil at 10 cm. Column moved 4 om. in 30 secs. 

11.88. Chorda tympani stimulated: coil at 10cm. Column moved 68 cm. in 30 secs, 

; Cannulw in right femoral artery and left femoral vein. 

11.47. 2 ¢.¢, rg}yq adrenaline into femoral vein. Column starts at 2°0 cm. No move- 
ment for 15 secs., then readings of 15 secs, intervals :—4°0, 5-0, 6-2, 7:3, 8°4, 

9°4, 10°3, 11-1, 11°9, 12°2, 12°5, 12-8, 12-9, 12°95, stopped: 
11.55. Column let: down to 3-5, Stim. cervical sympathetic coil at 10 cm. Readings at 
15 sees, intervals from beginning of stimulus :—5°3, 6:1, 7°3, 81, 8:4,8°8. 

11,58. 10 mgms. impure cornutine into femoral vein. No secretion, position of eotomn 
remaining steady. | 

12.2 p.m. 2 6.c. ry}yz adrenaline. No secretion. B-p. rose from 70 mm, to 100 mm. 
(Heart-beat strengthened.) 


12.5. adrenaline. B-p. fell from 100 mm. to 90 mm, No secretion, 


12.6. Chorda tympani stimulated: coil at 10 cm. Readings at 15 secs. intervals. 

ee Started at 86: 10-5, 12°6, 14-2, 15°4, 16°1. Stimulation stopped. 

12:10, Cervical sympathetic stimulated: coil at 10 cm. Pupil dilates. No secretion. 

12.12, Chorda tympani. stimulated: coil at 100m. Readings at 15 secs. intervals. 
Start at 6: 7°7, 8-7, 10°3, 11:5, 12. Stimulation stopped. Secretion continued 
for 15 secs. longer. 


It is clear that the secretory effect of dinidating the sympathetic 
nerve-supply and of injecting adrenaline are quite annulled, while the 
chorda tympani retains its function unimpaired. 


13—2 
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DISCUSSION OF THE FOREGOING RESULTS. 


Among ‘the primary, or stimulant effects of the preparations 
from ergot used in these experiments one only admits of simple and 
immediate analysis. The constriction of the pupil, being unaffected by 


large doses of atropine, must be attributed to a stimulus acting — 


peripherally to the structures which atropine paralyses, that is, on the 


muscle fibres themselves. It seems probable that the motor effects — 


on the bladder and bowel, in so far as they are primary effects of the 
drug’s action, will prove to be of a similar nature. But in regard to 
the effects of chief practical interest, those on the arteries and the 
uterus, it is impossible at present to come to a conclusion. Perfusion 
experiments have given inconsistent results in the hands of different 
experimenters. Jacobj', with sphacelotoxin, observed constriction of 
the limb-vessels of a dog. On the other hand Kurdinowsky’, with 
sphacelinic acid, found the vessels of the isolated uterus unaffected; and 
Dixon? has recently stated that addition of ergot to a perfusion fluid 
causes vaso-dilation. A difference of animals and preparations doubtless 
contributes to the discrepancy. Kurdinowsky used rabbits, in which 
vaso-constriction by ergot is not, in my experience, to be expected 
under any conditions: and Dixon used extracts containing much 
beside specific active principles. In any case the question cannot be 
regarded as settled by these experiments in favour of or against 
peripheral action. Nor do experiments made by recording the blood- 
pressure lead to a definite conclusion. One point is easily ascertained. 
The rise of blood-pressure occurs quite normally in a cat in which the 
spinal cord is completely destroyed, so that the phenomenon is not of 
central origin. On the other hand nicotine and apocodéine (30 mgms. 
and 100 mgms. respectively for a cat) reduce it to a minimum, or abolish 
it completely. This last fact suggests the cells of the sympathetic 
ganglia as the seat of the stimulus: but it is necessary to bear in mind 
the concomitant paralytic effect of ergot on the sympathetic myoneural 
junctions, which cannot but complicate the results of such an experi- 
ment. On the whole, therefore, it seems advisable to postpone definite 
opinion as to the nature of these stimulant effects on the arteries and 
the uterus. If the paralytic effects are caused by a different substance, 


and if it should prove possible to separate a purely stimulant — 3 


the solution of the question: will at once become easier. 


loc. cit. loc. cit. 
* Dixon. Lancet, 1906 (March—June), p. 827.. 
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In the case of the paralytic action an analysis of the observations 
now available for discussion leads to a much more definite result. It 
has been shown already that the reversal of the vaso-motor action of 
adrenaline and of sympathetic nerves, which formed the starting-point of 
this investigation, is due to an action on those structures which adrena- 
line stimulates. We have now the further information that these are 
the only structures in the peripheral nervous and muscular systems 
_ which the paralysis affects. Stimulation of the'vagus still inhibits the 
heart-beat and provokes contractions of the stomach, intestine and gall- 
_ bladder: stimulation of the chorda tympani evokes the usual secretion 
from the submaxillary gland: stimulation of the pelvic nerves or the 
sacral roots excites contractions of normal vigour in the bladder and the 
large intestine, and dilation of the vessels of the penis. All these effects . 
are quite undiminished by doses of ergot far larger than those necessary 
to produce the reversal of the vaso-motor and other effects of the true 
sympathetic nerves. The same is true of the contraction of skeletal 
muscle fibres in response to excitation of motor nerves. The junctions 
of preganglionic fibres with ganglion-cells, of motor nerve-fibres with 


M=motor effect: i.e. increase of tone; augmentation or acceleration of rhythm. 
I=inhibition : i.e. relaxation of tone; cessation, weakening or slowing of rhythm. 


Effects of stimulating sympathetic nerve-supply, 


7 or injecting adrenaline intravenously 
Sel Organ “ Before ergot After ergot 
Arteries (cat, dog, ferret) M I 
1» (rabbit) M Nil or weak M 
Cardiac muscle M Nil or weak M_ 
Spleen (cat) M I 
Stomach (cat) I I 
Small intestine (cat, dog, monkey) I I 
Large intestine (cat) — I I 
Tleo-colic sphincter (cat) M Nil 
Internal anal sphincter (cat) M IT 
Gall-bladder I I 
Fundus of urinary bladder (cat) I = 
Fandus of urinary bladder (ferret) M I 
Base of bladder and urethra (cat) M Nil 
Pilo-motor muscles M Nil 
Dilatator iridis M Nil with adrenaline 
Weak M with cervical sympathetic 

Uterus (cat, non-pregnant) lorM&I 
Uterus (cat, pregnant) M I 
Uterus (rabbit) M I (slight) 
Uterus (monkey) M I 
Retractor penis (dog) M Nil 
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skeletal muscle, of postganglionic fibres, belonging to the cranial and 
sacral division of the autonomic systems, with involuntary muscle—all 
these therefore escape paralysis. The undiminished effect of pituitary 
extract shows that involuntary muscle, from whatever system innervated, 
retains its contractile function. The paralytic effect can, therefore, be 
definitely limited, in the first-place, to the structures which adrenaline 
stimulates—the so-called myoneural junctions connected with the true 
sympathetic or thoratic-lumbar division of the autonomic nervous 
system. But the limitation of the effect is narrower than this. The 
accompanying scheme tabulates the changes produced by excessive doses 
of ergot in the reaction of the different organs examined to adrenaline 
or to stimulation of their sympathetic nerve-supplies. 

| The organs in the above table fall naturally into three ‘groups 
corresponding to the types of reaction. 

(1) Those with an inhibitory nerve-supply from the sympathetic 
system :—the stomach and intestines, the gall-bladder, the fundus of 
the urinary bladder in the cat, and the non-pregnant uterus in the same 
animal. In these, ergot produces no change, in the effect of stimulating 
the sympathetic nerves or in the parallel effect of adrenaline ; except 
when, as sometimes in the cat’s non-pregnant uterus, a sielladnury 
motor phase of reaction occurs. The latter is then abolished, leaving 
pure inhibition as the subsequent response. 


(2) Those in which a normal purely motor sympathetic effect is 
reduced by ergot to a minimum, or below the limits of perception. Such 
are the rabbit's arteries, the heart, the ileo-colic sphincter, the base of the 
bladder of the urethra, the dilatator iridis, the pilo-motor muscles, and 
the retractor penis (dog). It is noteworthy that this group contains all 


those structures in which the motor effect showed especial resistance to 


paralysis. 

(8) Those in which the normal effect is motor, the effect after 
ergot inhibitory. In this group are the arteries of carnivora; the cat's 
spleen and internal anal sphincter; the fundus of the ferret’s urinary 
bladder ; and the uterus of the rabbit, monkey, and in some cases of the 
cat, 


Several possibilities suggest themselves in explanation of the above 
changes. Brodie and Dixon’, finding that the blood vessels of the 


lung dilated slightly when adrenaline was added to a perfusion fluid, — 


attributed the phenomenon to direct action on muscle-fibres not 
1 This Journal, xxx. p. 488. 1904. rea 
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innervated from the sympathetic system. It might be suggested that 
ergot reduced all plain muscle-fibres to this condition, by paralysing 
the structures, associated with sympathetic innervation, on which 
adrenaline normally acts. Such a view, however, fails altogether to 
account for the facts (1) that not all motor effects of adrenaline are 
replaced by inhibition, some being simply abolished : (2) that stimula- 
tion of sympathetic nerves and injection of nicotine produce the same 
abnormal inhibitor effects as does adrenaline: (3) that the normal 
t _ inhibitor actions of adrenaline and sympathetic excitation not only 
& escape abolition by ergot, but preserve their normal type unchanged. 
B Another explanation, which might be suggested, is that plain 
muscle, throughout the body, is thrown by ergot into such a condition 
of tone that it responds by relaxation to stimuli which normally cause 
it to contract. This view, however, is not in accordance with the facts. — 
The tone of the cat’s internal anal sphincter is lowered by toxic doses 
of ergot: yet it relaxes under these conditions in response to stimuli 
which cause it to contract under normal conditions, when its initial tone 
is higher. Similarly, with large doses of the drug, the tone of the 
arteries is eventually brought below the initial level: none the less 
adrenaline then produces a still further vaso-dilator fall of blood-pressure. 
_ That some motor sympathetic effects are reversed, others simply reduced 
or abolished, and that the motor effects of autonomic nerves of cranial 
and sacral root origin are retained in full vigour, are facts for which 
this hypothesis provides no explanation—facts with which, indeed, it is 
inconsistent. 
| The only explanation which fits all the facts is that the paralysis, 
i already shown to be confined to the myoneural junctions of the true 
sympathetic system, is further limited to those of motor function, 
leaving those concerned with inhibition relatively, or absolutely un- 
affected. The three types of reaction indicated by the above classi- 
fication are then accounted for by saying that, in the first group, the 
myoneural junctions, being predominantly inhibitor, are not perceptibly 
affected: in the second group, being purely motor, they are simply 
paralysed: in the third group, being mixed, but predominantly motor, 
they undergo a reversal of function, since paralysis of the normally 
preponderant motor elements allows the emergence of a normally 
masked inhibitor effect. 
Great support is afforded to this view by the behaviour of the cat's 
uterus, in which the normal reaction to adrenaline or sympathetic 
stimulation varies with the functional condition. In such a case there 
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is clear ground for assuming the existence of a mixture of motor and 
inhibitor elements in the sympathetic nerve-supply, of which one or the 
other becomes functionally predominant according as the animal is or is 
not pregnant. It has been shown that the reaction of the cat’s uterus, 
after ergot paralysis, to adrenaline or stimulation of the hypogastric 


nerves, is uniformly inhibition. We can only suppose that, in the non- — 


pregnant animal, the predominant inhibitor elements retain, after ergot, 
their normal activity, and that, in the pregnant animal, the predominant 
motor elements are deprived by ergot of their function, the inhibitor 
admixture being thereby revealed. 

Similarly, as has been indicated already, the analogy of the effect in 


the rabbit suggests that the sympathetic innervation of the cat’s internal 


anal sphincter is really of mixed function. In the sympathetic nerve- 
supply to the ferret’s bladder, again, the analogy of the cat suggests the 
presence of masked inhibitory elements. In both cases the obvious 
effect of stimulation under normal conditions is motor: ergot paralysis 
brings to light the inhibitor admixture. 

If this explanation be thus applied to cases where the presence of 
masked inhibitory elements was known or suspected on other grounds, 
it must be extended to the other. cases in which stimulation of the 
sympathetic nerves or injection of adrenaline causes, after ergot, an 
inhibitor in place of the normal motor effect, viz. the spleen (cat) and 
the arteries of all the carnivora examined. In the case of the arteries 
the presence of inhibitor elements in the sympathetic supply is, again, 
not a new suggestion. Dastre and Morat? obtained vaso-dilator 
effects in the bucco-facial area by stimulation of the dog’s cervical 
sympathetic: Bradford* found evidence for the existence of vaso- 
dilator fibres in the nerves to the kidney, Bunch? in those to the dog’s 
intestine ; and Bayliss‘ concluded that some part of the fall of pressure 
produced by exciting the depressor nerves was due to reflex excitation 
of vaso-dilator fibres to the splanchnic area. Later Bayliss® was 
inclined to attribute all these effects to antidromic impulses in dorsal- 


1 Dastre and Morat, C.R. Acad. des Sciences, xc1. p. 393. 1880. Also Langley 
and Dickinson. Proc. Roy. Soc. xuvu. p. 380, 1890. I have myself recently observed 
this bucco-facial dilation in a dog, and it persisted after a dose of “‘cornutine” which 
abolished the pressor effect of adrenaline and the secreto-motor effect of ‘the cervical 
sympathetic. The pupil, however, still dilated somewhat. 

* Bradford. This Journal, x. p. 358. 1889. 

’ Bunch. This Journal, xxrv. p, 86. 1899. 

4 Bayliss. This Journal, xrv. p. 808. 1893. 

§ Bayliss. This Journal, xxvit. p. 280. 1902. 
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root fibres: but it is very improbable that the vaso-dilator effects 

obtained after ergot paralysis are of this nature. The effect is pro- 

S| duced by adrenaline even better than by excitation of the nerves, and 

| the facts known as to the action of that substance give uo warrant for 

attributing any of its peripheral effects to excitation of structures other 

| than those associated with innervation by fibres of the true sympathetic 

| system. (Cf Elliott, loc. cit.) 

| It is evident that, in these cases of sympathetic innervation of 

‘mixed function, the motor elements need not be completely paralysed 

in order that the normal motor effect may be reversed. Short of 

complete obliteration the motor stimulus may be so weakened as to be 

: overcome by the more resistant inbibitor: just as, under normal 

ee conditions, the inhibitor is completely masked by the preponderant 

_ motor effect. The balance is normally on the motor side: ergot 
paralysis turns the scale in favour of inhibition. 

That being so we shall. expect to find, in cases where the sympathetic 
nerve-supply is purely motor, a greater resistance of the motor response 
to the action of ergot. This was actually found in several cases. The 
pilo-motor and cardio-accelerator effects required large doses for their 
abolition. The base of the bladder in some cases still showed a feeble 
contraction when observed directly, and the pupil in all cases still 
dilated slightly after the largest doses of the drug. These are cases in 
which the detection of a small remnant of reaction is especially easy. In 
the case of the iris there is the further possibility that the slight persistent 
effect is due, not to contraction of the dilator, but to inhibition of the 
sphincter. But there is no good ground for supposing that the paralysis 
of the sympathetic motor myoneural junctions is, in any case, absolutely 
complete to all strength of stimulus. The most that can be said is that 
in most cases the motor effects are reduced below the threshold of 
perception. 

The experiments give no indication as to the level at which 
functional differentiation occurs. A sympathetic nerve-supply of mixed 
function may contain some fibres connected to purely inhibitor, others to 
purely motor myoneural junctions: or, on the other hand, the myoneural 
junctions may themselves be composite, containing both motor and 
inhibitor elements. The question as to whether these so-called 
myoneural junctions are morphologically differentiated, or, as Langley 
suggests, distributed, as “ receptor substances ” through the muscle-fibre — 
is also untouched by these results. One thing is clear: the structure 
or substance affected by adrenaline is also that which reacts to impulses 
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in sympathetic nerve-fibres, for the two kinds of motor stimulus suffer a 
similar extinction by ergot. The effects may therefore be summarised 
by saying, that ergot contains a principle which has a paralytic 
action on the motor elements of that myotrophic structure 
or substance which is excited by adrenaline and by impulses 
in fibres of the true sympathetic system; the inhibitor 
elements of the same being relatively or absolutely un- 
affected. 

One of these peripheral peisiyble effects has been siiainks excluded 
from the above summary and discussion. To class the. secretory 
effect of sympathetic nerves and of adrenaline as motor and to quote 
its abolition by ergot in support of the above generalisation is 
not justifiable. There is no good reason @ priori for classifying the 
secretory effect with either the motor or inhibitor effects on plain 
muscle. On the other hand, there seems good ground for a deduction in 


_ the reverse direction ; the fact that the sympathetic secretory effect is 


abolished by ergot shows that the gland-cell structures' affected by 
adrenaline and sympathetic impulses are, to that extent, biochemically 
equivalent to the motor rather than the inhibitor myoneural junctions’. 

The reaction has already had practical application in furnishing a 


-. means of direct demonstration of the presence of inhibitor elements in 


a predominantly motor sympathetic nerve-supply. Good evidence 


was already available for the view that the inhibitor effects of sympa- 


thetic nerves and adrenaline are independent of the anemia which in 
most cases accompanies them. The discriminating. paralysis here 
described adds another and, apparently, a conclusive proof of that 
supposition. In both these directions the reaction. will pratehly: find 
use in future physiological — 


NOTE ON THE GENERAL EFFECTS OF THE PREPARATIONS USED. 


Apart from the phenomena already described in detail the most 
marked effects of active ergot preparations are on the central nervous 
system®, Convulsant effects were described by Kobe rt as characteristic 


‘ To make the nomenclature consistent some such term as *‘ cyto-neural junction” 
would be needed, 


? This is, apparently, not true of those structures in sweat-gland cells which respond 


to excitation of sympathetic fibres. In a recent experiment I found the sweat secreted 
_ abundantly on the hind foot of the cat when the abdominal sympathetic was stimulated 


after 5 mgms. of cornutine. 


"8 We are dealing here with preparations free from ergotinic acid, and the spinal 
paralysis produced by that substance is, therefore, not in question. 
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of cornutine: but it is noteworthy that with intravenous injections he 
produced convulsions also with his “sphacelinic acid.” Respiratory — 
paralysis was observed by Kobert with “cornutine” and “ sphacelinic 
acid,’ and by Jacobj with “ sphacelotoxin.” 

I have made no complete and deliberate experiments on this aspect 


_of the action, but certain points noted incidentally are worth mentioning. 


The confirmation of the paralytic effect on the respiratory centre has 
been noted. The vaso-motor centre seems also to be paralysed. After 
excess of the ergot-preparations stimulation of the depressor or other 
sensory nerve causes neither rise nor fall of blood-pressure: whereas if, 
as Bayliss argues, the depressor acts partly by reflex stimulation of 
vaso-dilators, this part of its action should persist, and one would further 
expect a depressor action from other sensory nerves, as after chloral, 
unless the vaso-motor centre were itself thrown out of action. 
Convulsions are produced by all the preparations used. It has 
already been hinted that the “stimulant” and “ paralytic” effects dealt 
with in the preceding sections may be due to different principles. This 
is rendered probable by the varying prominence of the two sets of effects 
with different specimens of .the various preparations. In the cases 
where I have made the observation the central, convulsant effect has 
been more powerful in those preparations giving the peripheral, 
sympathetic paralysis in small dosage. The evidence on these points is 
yet far from complete: but it seems worth while to indicate that a 
mixture of two principles—a “stimulant” and a “paralytic and con- 


_ vulsant” principle—in different proportions would sufficiently account 
_ for all the physiological differences described by K obert as distinguish- 
_ ing “cornutine” from “sphacelotoxin ” (sphacelinic acid). For example, 


the presence of a comparatively small amount of the “paralytic” 
principle in sphacelinic acid might protect the sensitive cat from the 
action of the “stimulant” substance, but allow the latter to produce 
gangrene in‘ the far more resistant fowl. On the other hand, a high 
proportion of paralytic principle in cornutine would protect even the fowl 


- from gangrene and, at the eame time, give to cornutine the marked 


convulsant activity attributed to it. 


GENERAL CONCLUSIONS. 


The main conclusions arrived at may be summarised as follows :— 


(1) The physiological effects of preparations from ergot, such as 
cornutine and sphacelotoxin, fall naturally into two groups: 
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(a) Stimulant effects on plain-muscular organs, prominent 
among which are contraction of the arteries, the uterus, and the 
sphincter of the iris. 

(6) A specific paralysis of the motor dnchents in the structures, 
associated with sympathetic innervation, which adrenaline stimulates : 


the inhibitor elements retaining their normal function, as do also both 
motor and inhibitor autonomic nerve-supplies of cranial and sacral root- 


origin. 
(2) It is probable that these two sets of effects are produced by 
different active principles, of which the one responsible for the peri- 


pheral paralysis appears also to be concerned in the central convulsant 
effects described by Kobert and others. 


Incidental conclusions, which appear to have an interest of their 
own are 


(1) That in the sympathetic nerve-supplies to the arteries and 


spleen of carnivora, the internal anal sphincter of the cat, and the 


bladder of the ferret there exists an inhibitor constituent or 
obscured by the preponderant motor-effect. 


(2) That the sympathetic nerve-supply to the uterus of the non- 
pregnant cat is almost purely inhibitor in effect: when the cat becomes 
pregnant the effect becomes motor, and the inhibitor constituent can 
then be revealed by the discriminating paralysis caused by ergot. 

(8). The pressor principle of the pituitary (infundibular portion) 
acts on some constituent of the plain muscle fibre other than that 
which is excited by adrenaline and by impulses reaching sympathetic 


_ It is a pleasure to acknowledge my debt to Mr T. R. Elliott for 
many valuable suggestions and for personal help with some of the 
experiments; also to Mr Francis H. Carr, who, with my co-worker 
Dr Barger, has been largely concerned in the preparation of the active 
substances from ergot. 
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THE ACTION OF RADIUM RAYS ON TYROSINASE. 
By E. G. WILLCOOK, Newnham College. 


| (From the Physiological Laboratory, Cambridge) 


Victor HENRI” has shown that the rays from radium destroy digestive 
ferments such as emulsin and trypsin. Solutions of these ferments 

rapidly lose their activity on exposure to the rays. These results I have 
myself amplified and confirmed by exposing solutions of pepsin, trypsin, 
and ptyalin to the rays in the manner described below. Digestive 
ferments may be taken to be unstable in the stream of the rays. 
Amongst these, rennin is exceptionally resistant, but Schmidt- 
Nielsen finds that it is slightly weakened”. : 

The rays bring about active oxidative processes, therefore it eeemed 
possible that the harmful action on ferments might be due to the 
appearance of active oxygen, in which case one would expect oxidases to 
be immune to the rays. This expectation has been realized, but the 
basis on which it stood has proved to be wrong. The action of the rays 
on ferments cannot apparently be referred simply to the production of 
active oxygen. 

The ferment used was obtained by extracting fresh mushrooms with 
glycerine or glycerine and water, and filtering. The filtrate contained, 
of course, substances other than the ferment, and tended to become 

- dark in colour. But the tests were performed in a solution so dilute 
as to be almost colourless. The activity of the ferment was measured 
by the amount of dark brown pigment produced by its action on a 
‘solution of tyrosin. 

The method of experiment was as follows :—Equal volumes of the 
ferment extract were taken in two tubes, one of which was exposed to 

the 8 and ¥ rays from 50 mgms, of radium bromide; the other tube was 
used as a control. The periods of exposure varied from 2 to 4 days. At 
the end of this time a known volume_of a saturated solution of tyrosin 
in 05°/, Na,CO, was added to each Fibe, and they were further 
diluted with water until practically colourless, There was uo further 
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exposure to radium. Results were obtained even when the test solution 
contained no more than 1°6 °/, ferment extract and 16 °/, tyrosin solution. 
In such weak solutions a sufficient pigmentation was produced in one 
or two days; in stronger solutions the action was more rapid. At the 
close of the experiment the colour of the liquid which had been over 
radium was compared with that of the liquid in the control tube. Some 
of the experiments were performed in quartz tubes, these being used for 
exposures and tests. As is well known, ferments are very sensitive to 
traces of salts. By using quartz tubes, errors _— from the alkali in 
glass were avoided. 


TaBLE oF Resvutrs. 


In the two cases in which the activity was: apparently diminished 


by exposure to the rays, the tests were repeated, using the same — 


material without further exposure, but testing in quartz tubes. 

In the one case there was no perceptible difference between the 
ferment-exposed to radium, and the control ; in the other the activity 
of the exposed ferment was increased. 

These results therefore show decisively that this ferment is neither 
weakened nor destroyed by the rays from radium. The evidence for 
increased activity is not very satisfactory, since, of the experiments in 
quartz tubes, only three gave evidence of acceleration, whereas four 
showed no distinction between the exposed ferment and the control. 

We have then in the case of tyrosinase an apparently isolated 
exception to the general rule that radium rays are injurious to ferments. 
The immunity may be explained hypothetically on the ground that 
the rays may bring about oxidation of ordinary ferments, but that oxidase 
is not itself readily oxidisable. 


In those cases in which the ferment was apparently strengthened by _ 


exposure to the rays it seemed possible that such a result was due, not 
to direct action of the rays on the ferment, but to the small amount of 


hydrogen peroxide formed in the medium. Fenton has shown that 
rays from radium produce hydrogen peroxide in water. But experi- 


ments showed that the results were not due to: the formation of 
peroxide, since neither water, nor glycerine and water which had been 
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exposed to the rays aided the ferment’; the amount and rate of colour 
production was exactly the same as in comparable solutions made with 
ordinary water or glycerine and water. _ 

Further, one must look deeper than to a simple oxidation theory to 
explain the fact that digestive ferments are destroyed while an oxidase 
is not destroyed, since the former are not only immune to hydrogen 
peroxide but are more active in its presente”. 

I can offer no satisfactory explanation, but one may be found in the 
fact that oxidases as a class are less specialised, less specific than digestive 
ferments, and therefore may be able possibly to suffer a certain degree 
of change without losing their activity. The molecular changes induced 
by the bombardment of the rays, on the other hand, may throw 
completely out of gear the adjustment of the digestive ferments, with 
their delicate specific character. 


REFERENCES. | 


(1) Vietor Henri and Mayer. Comptes Renduns, 1904, p. 523. 
(2) Schmidt-Nielsen. Hofmeister’s Beitr. v. p: 398; vr. p. 175. 
(3) Vandevelde, Hofmeister’s Beitr. Bd. v. p. 558—570. 
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THE REGENERATION OF THE BLOOD AFTER 
HABMORRHAGE. By C. GORDON DOUGLAS, BA. 
Figure in Text.) 


(From the Physiological Laboratory, Oxford.) 


It has been known for a considerable number of years that after 
hemorrhage the number of red blood corpuscles per cubic millimetre and 
the percentage of hemoglobin in the blood become diminished, that is 
that the plasma regenerates more quickly than the corpuscles. It is 
however difficult to draw any deductions as to the absolute regeneration 
of the constituents of the blood unless the total volume of blood can be 
also estimated at the same time. The carbonic oxide method previously 
described! enables this determination to be made periodically during 
recovery. 

Two successful experiments have been made with a’ view to 
elucidating the regeneration of the hzmoglobin and the alterations of 
blood volume after hemorrhage. Buck rabbits were employed weighing 
respectively about 2°8 and 2:3 kilos., which weights remained fairly 
constant during the course of the experiments. The experimental 
procedure adopted was identical in each experiment. Determinations 
of the total oxygen capacity and blood volume were first made in order 
to obtain the normal values for the animal under observation. On the 
following morning in the first experiment, and 3 days later in the 
second, a cannula was inserted into the external jugular vein under 
_ ether anzsthesia and a quantity of blood was withdrawn: the amount 
of this was not measured in either instance, but subsequent determi- 
nations showed that the total oxygen capacity, ie. total mass of 
hemoglobin, was reduced in the first case by 26°/, and‘in the second by 
32°/,. The wound was closed by a collodion dressing and the animals 
recovered rapidly from the immediate effect of the operation. On the 
morning following the operation a second determination of total oxygen 


This Journal, p. 493. 1906. 
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sini and blood volume was made, and this was repeated at intervals 
for 26 days in the first experiment and 15 days in the second. 
The figures obtained are given in the tables below. = 


Taste I. 
C.c. of blood 
15)5/05 2660 20°6 16-65 128°6 405 
16/5 2760 21°18 1684 125°8 4°57 
17/5 hemorrhage 11.45 a.m | 
18/5 (11 2840 15°69 11-84 182-4 4°66 
19/5 2825 15:88 11°65 186-2 4-82 
22/5 2725 19°30 14-06 187°8 «504 
24/5 2860 18°11 14°61 1940 4°84 
27/5 2840 . 20°64 16-28 126-8 4°47 
1/6 2950 2155 187-9 4-68 
12/6 2950 21-00 16-09 1904 442 
IL. 

3/6/06 22°11 15°85 144-0 6-26 

6/6 2320 22-46 15-91 ane 6-09 

9/6 2290 (22-29) 2 15°26 (1461) (688) 

8.30 p.m. 
10/6 (12 noon) 15°15 1064 142-4 
18/6 sn 18°16 11-65 155-9 7-06 
16/6 2860 19°89 12°77 155-7 
19/6 2240 18°10 18°60 133°1 5°94 
28/6 22-06 18-82 1656 7°08 | 
Both experiments show a rapid restoration of the volume of blood 

to its original value followed by an increase above that value. In 


both instances the total oxygen capacity reached its normal value in 
about a fortnight from the time of the operation, and in the first 
experiment the determination made on the 26th day showed that this 
was remaining constant. The very marked drop in the rise of the total 
oxygen capacity which occurred in the second experiment on the 10th 
day may be due to the fact that on this day the light was very variable 
owing to clouds, and probably caused a considerable error in the colori- 
metric determination necessary. 
The chief point to which attention should be drawn seems from 
these experiments to be the increase of blood volume above the original 
value which may occur after hwmorrhage. This is clearly indicated in 
the Figure which gives a composite curve derived from the results 
obtained in the two experiments: the values for the blood volume, total 
1 Mean from values obtained on 8/6/05 and 6/6/05. 
PH, XXXIV. 14 
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oxygen capacity, and */, oxygen capacity previous to the 
are expressed as 100 and the various values obtained during —! 3 


Lorrain Smith! has made a number of observations upon anzemia 
following hemorrhage in man: he found in these cases that the volume 
of blood was larger than normal but not to a very great extent. 
Dawson? believes that the diminution in number of red corpuscles 
per cubic millimetre and percentage of hemoglobin after haemorrhage 
takes place in two stages, (1) primary, during the actual hemorrhage, 
owing to dilution of the blood with lymph, (2) secondary, after cessation 
of the hemorrhage, which he believes is due to the production of 
immature red corpuscles followed by their rapid destruction. Neither 
of the two experiments of which details have been given show nearly so 
marked a secondary fall as occurs in some of Dawson’s experiments, 
but at the same time it may be noted that the total volume of blood 
continued to increase for 5 and 4 days respectively, that is during the 
period when Dawson postulates a destruction of corpuscles to account 
for diminution in percentage of hemoglobin in his experiments. 


1 J. Lorrain Smith. Trans. Path. Soc. Lond. u. p. 811. 1900. 
Dawson. p- 1; 1900. 
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ON THE NON-UNIFORMITY IN: THE RATE OF DIS- _ 


| CHARGE OF IMPULSES FROM CELLS OF THE 


SPINAL’ CORD POISONED WITH STRYCHNINE. 
Br DAVID FRASER HARRIS AND WILLIAM MOODIE. 
(One Figure in Text.) eg 


Prom the Physiological Laboratory; of Sb Andrews. 


REcorps as to the time-relations of the incomplete tetanus in muscles 
' stimulated by impulses from the cells of a strychnine-poisoned cord are — 
somewhat discrepant; while some ‘observers write as though the 
periodicity of the tremor or rhythm of the tetanus was in all cases the 
same, others give figures varying as widely as from 2 to 3 per second 
and 10‘to 12 per second. 7 

The most often quoted statement “strychnia spasms in ‘the frog 
have a rhythm of 8 to 10 per second,” is based on work of Lovén”™ 
with the capillary electrometer ;8 to 10 per*second is the rate given 
by Pembrey and Phillips” -i in a tracing, taken on. a surface moving 
17 mm. per second. But higher rates are mentioned, as eg. by 
Halliburton™ who gives 10 to 12 per second: Biedermann“ speaks 
of 8 per second as “astonishingly low” for the rhythm of strychnia 
spasms in the muscles of frog and crab, while “ Delsaux”...observed — 
5 oscillations per second. with the frog’s gastrocnemius on the capillary | 
electrometer.” Lower rates still are alluded to by Biedermann in 
reference to a age from v. Limbeck®: as to which he says, the — 
strychnia spasms “vary in the frog from 2 to 3 per second.” ‘This 
figure purports to record the commencement of the tremor, but unfortu- 
nately in the earlier portion of the tracing the oscillations are not 
computable even with the aid of a lens: in the potion i in a they 
are distinct, they occur at.from:5,to 6 per second. 

Sometime ago we came to the conclusion that thesa: 
accounts of: the: ‘periodicity of the strychnine tremor.might be due to 
the. phenomenon having been described in some cases earlier (1.¢. sooner 
__after'the absorption of the poison), than in others, and that. possibly the 
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rate of the tremor varied from moment to moment during a — 
record of it. 


This we now believe to be the case, as is demonstrated by Fig. 1, A 
to D, in which we have a graphic record of the tremor of one of the 
extensors of the toes, peroneus or tibialis anticus, in the frog. From the 
terminal phalanx of the longest toe,» cord passed to an unweighted 
horizontal bell-crank lever: the frog, whieh was brain-pithed, had had 
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five drops of a 1°/, solution: of strychnine hydrochlorate injected into one 

of the lymph-sacs a few minutes before the drum was started. In this 

way we were able to record the first of the spontaneous tremors, and we | 
continued to take the record until the movements Become 

_ too feeble to raise the ‘lever. | 

In the first second, 26 muscular ouiateivetians were siete in the 

11 to12; in the third, 9°5,;'in the ninth, 8 are counted ; in the 

tenth, 7; about the sixteenth the rhythm 

65: and 6: per: second, which: latter is contractions 

_ performed: per second throughout by far the greater part of the record; 

after about 80 seconds it has fallen to between’ 5 and’ and: by the 

- 85th second it is 4 per second .at which it: remains till the contractions 

become too feeble to affect the recording lever.  =« 

An experiment by Burdon-Sanderson™ may here be sili 
Using the capillary electrometer, he photographed the oscillations of 
the mercury caused by the rhythmical series of action-currents in the 
uninjured gastrocnemius (frog) excited by discharges reflexly elicited 
from. oe ‘cord.. The record shows that each 

“spasm ” or contraction lasted With intervals of oF 

In this experiment, then, pe periodicity of Ps aaibicas of the 

- muscle was between 9 and 11 per second which would indicate that the 
discharges were photographed during the earlier rather, than the later 
period of the effect of the poisoning, From the description of the 
experiment on p. 426” we are distinctly told that the record was not - 
made at the very beginning but only after the muscle, reflexly stimu- 
lated through the skin, had gone into the condition of “ prolonged 
contraction.” __ 

It was at the time of the experiment in a state of “incomplete 
tetanus” of 9 to 11 per second rhythm, which would'be the description — 
of the muscle in our experiment during the second and third seconds of _ 
our record. All the discrepanties as to the rate of the rhythm are 
reconciled when we recognise the fact that the rate of discharge from 
cells of poisoned cord apparently varies from a maximum, during the 
first second after onset of tremor, of 26 per second to 13 per second or 
so in the second second, to 9°5 or so in the third second, down to a rate 
of about 5 to 6 per second which rate was in our experiments maintained 
throughout quite the longest time of the record. ; 

Before disappearing it fell to 4 per second. This figure (4 to 6) 
is evidently a thing of the same order as “the rate of recurrence” of 
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the movements of the “ scrateh-reflex ” in the dog with high Aacensiabiot 
of ‘spinal cord", Both plienomena have at least thisin common that 


they equally depend on a tendency to rhythmic discharge from cells of 


the spinal cord: Both phenomena have’ one more resemblance, viz. that 
they point to a rate of about 5 rather than of about 10 per second, as 
the rate of ‘the longest maintained “inherent rhythm” of discharge 


from cells of the cord; at least:in: the conditions ‘of isolation from: sa : 


cerebrum and strychnine-peisoning respectively. 


-Qne point in this record: seems“to us to call for special remark, viz. 
‘the relatively very high rate’ of discharge (26) during the first second. 


This is at least twice as high as the generally accepted maximum 
frequency of discharge from the spinal cord (10 to 13). 

One explanation is that two extensor muscles, ¢.g. peroneus and 
tibialis anticus, were discharging alternately each at 13 per second, and 
that after the first second either the contractions of one of them ceased 
to actuate the lever; or that they synchronised ‘with the. soqtracsions of 


the neighbouring and:stronger muscle. | 
_ The datter is*more probable, as the energy of the contractions seems 


to be reinfooed after the it second. 


(1) Lovén. Centrabl. f. med: Wissensch. 1881,. No. 7. 
* (2) Pembrey and Phillips: Practical Physiology. (Arnold) 1902, p. 360. 


. (8) Halliburton. Text-book of Physiology. (Murray) 1905, p. 123. 


(4). Biedermann. Electro-physiology. (Macmillan) 1. p. 410, 
(5) Delsaux. Travaux du labor. de L. Fredericg, rv. 1892. 
-(6) v.Limbeck. Arch. f. exper. Pharm. Path. xxv: p. 171. 
(7) Burden: Bandsenon. ‘Text-book of edited by Schifer 
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CONCERNING CYSTINURIA. By ARCHIBALD 
E.GARROD anp W. H. HURTLEY. 


(From the Laboratory for Chemical Pathology, St Restheliiinte: 


It. is becoming evident that the problem of cystinuria is far more 
complex than used to be supposed, and that the presence of cystin in 
the urine is not an isolated phenomenon, but it is merely one of the 
manifestations of an extensive error of metabolism which involves other 
of the primary proteid fractions also. Nor is it any longer possible to 
doubt that, as regards the extent of the error, cases of cystinuria differ 
widely, so that what is true of one cystinuric’ may be- quite untrue of 
another. 

The first hint of this wider conception of the anomaly was afforded 


by Udranszky and Baumann’s' discovery of cadaverin and putrescin in 


the urine and fieces of a cystinuric. Since then these diamines have 
been repeatedly found in other cases, but in none with such constancy 
as in the original one, and they have seldom been detected in the faces. 


_ In some cases they have only appeared in the urine at intervals, and in 


some they have not been found at all. Even in Udranszky and 
Baumann’s case, which was under observation for several years, the 
nature of the diamines excreted varied from time to time ; sometimes 
both cadaverin and putrescin were present, and at others putrescin alone. 


| Speaking generally cadaverin has been found more often than putrescin 
in cystin urines’*. 


On the other hand, these diamines have never been detected in 


other than cystinuric urines in quantities sufficient to permit of their 


1 Zeitechr. f. physiol. Chemie. p. 562, 1889. 

Stadthagen und Brieger, Berliner klin.. Wochenschr. p. 344, 1889. Bodtker, 
Norsk Mag. f. Laegevidensk. imi. p. 1220, 1892, and Zeitsch. f. physiol. Chemie. xiv. p. 393. 
1905. Simon, Amer. Journ. Med. Sci. cxrx. p. 89. 1900; ibid. oxxm. p. 888. 1902. 
Cammidge and Garrod, Jouraal of Pathol. and Bacteriol. vt. p. 827. 1900. Cohn, 
Berliner klin. Wochenschr. xxxv1. p. 508. 1899. Riegler, Medicinische Bldtter, xxv1. p- 81. 
1904. Marriott and Wolf, Amer. Journ. Med. Sci. cxxxt. p. 197. 1906. | 


4q 
¢ 
e 
Wy 
ig 
RY 
fi 
ug 
“ 
an 
f 
a 
x 
| 
i 
| 4 
| 
‘ 
| 
a 
4 
ta 
f 7S 


218 A. BE. GARROD AND W. H. HURTLEY. 


extraction from the output of 24 hours. W. Hunter’ obtained evidence 
of their presence in traces by evaporating large quantities of urine from 
cases of pernicious anwmia, and Dabrowski* detected traces of 
cadaverin in the evaporated residue from 100 litres of normal urine, 


but these results are on a wholly different plane from the decigramme — 


or two of benzoyl-diamines obtained from the day's excretion sti a 
cystinuric, 

There can be no doubt that the exeretion of cadaverin and putrescin 
is intimately associated with that of cystin, nor that their presence in 
cystinuria is not constant, or at any rate is not continuous jn most 
instances. The suggestion, originally put forward, that the excretion of 
diamines in cystinuria is due to a special form of bacterial decomposition 
in the intestine, does not commend itself in the light of recent research, 
and opinion now inclines to the view advanced by Moreigne’, and 


independently by C. E. Simon‘, that they too, like cystin itself, bear . 
witness to arrested metabolic processes, cadaverin being derived from lysin, — 


and putrescin from the ornithin fraction of arginin, in each instance by 
the splitting off of carbon-dioxide. This view gains powerful support 
from the observations of A. Loewy and C. Neuberg’, whose cystinuric 
patient did not excrete any diamine spontaneously, but excreted putrescin 
when arginin was given by:the mouth and cadaverin when lysin was so 
given. The occasional presence of diamines in the feces, as well as in 
the urine, involves the assumption either that this change takes place 
excreted by the intestine. 

The presence of tyrosin, with or without leucin, in the urine of 
cystinuries, was noticed by Piecini and Conti’, by Moreigne’, and 
by Percival*; and in a case investigated by Abderhalden and 
Schittenhelm’, the presence of these amino-acids in considerable 
amounts was established by methods which admit of no question. In 
other cases they have been sought for in vain. In Loewy and 
Neuberg’s case no tyrosin could be — but the administration of 


_ Trans, Med. Soe, 1990, 

* Archives Polonaises de Biologie et de Médecine, 1903, Abstr. Maly's Jarabe, 
p. 468, 19038, 

® Arch. de Méd, exp. et d’Anat; path. x1. p. 254. 1899. 

* Amer. Journal of Med. Sci. oxrx. p. 50. 1900. 

5 Zeitechr, f, physiol, Chemie, xan. p. 888. 1904. 

* Lo Sperimentale, xuv, p. 850. 1891. 

Arch. de Méd. exp. et @ Anat, path. xt, p. 254. 1899. 

8 Archivio Italiano di Clinica Med. x11. p. 50. 1902. 


® Zeitechr. f. physiol. Chemie, xiv, p. 468. 1905. 
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6 grammes of tyrosin by the mouth was followed by so abundant an 
output of that substance in the urine that no less than 482 of pure 
tyrosin were recovered therefrom. On the other hand, in cases investi- 
gated by Alsberg and Folin’, and by C. E. Simon’, no tyrosin 
appeared in the urine when similar doses were given; and in the case of 
the former patient, who was in nitrogenous equilibrium, the nitrogen of 


the tyrosin swallowed was excreted in urea. 


Again, whereas Loewy and Neuberg’s patient exoreted aspartic 
acid taken by the mouth, the patient of Alsberg and Folin did not. 
Even ag regards cystin itself wide differences are apparent. Whereas 
when hexagonal cystin from proteid was swallowed by Loewy and 
Neuberg’s patient he added the amount so taken to his ordinary output, 


_ when such cystin was given to Alsberg and Folin’ 8 patient there was 


no increase of the urinary cystin. 
. Into the very interesting questions, raised by these observations, as 


to the extent to which cleavage of proteids is carried out in the 


alimentary canal, we do not propose to enter, nor with the further 
question. whether an isomeric cystin is excreted in some cases. , 
It’ would appear, from what has gone before, that as regards any 


-individual proteid fraction cystimurics fall into three main groups, 


comprising respectively those who habitually excrete the fraction in 
question either unaltered, or, in the case of the diamino-acids, slightly 
changed; those who excrete it only when taken, as such, by the mouth; 
and those who do not excrete it under any circumstances. It is by the 
presence of cystin in the urine that these cases have hitherto been 
recognised, but it is open to doubt whether even the excretion of cystin 
is an essential feature of the condition, and whether there are not cases, 
of what might be regarded as the same anomaly, in which other proteid 
fractions are concerned whereas eystin is not. 

The observations to be recorded in this paper bear wholly upon the 
questions briefly discussed above, and were undertaken because, in view 
of recent results, further investigations of individual cases of cystinuria are 
obviously called for. The subject of most of them wasa youth of 19 years, 
whose case has been recorded elsewhere, and by others’, in its clinical 

The patient was recently under our direct observation for 
a period of three weeks, and we desire to express our sincere thanks 
to Dr Sadler of Ashbourne, Derbyshire, ys his kind aid and co- 


operation. 


1 Amer. Journal of Physiology, xtv. p. 54. 1905. 
2 Zeitechr. f. physiol. Chemie, xiv. p. 857, 1905. 
5 Lancet, 1901, 1. p. 470. 


“4 
> “4 
a 
‘ 
Te 
i 
4 
‘ a 
" 
§ 
| 
ny 
| 
2 
| 
4 
¥ 
| 
‘2 
“of 
é 
*. 


290 A. BE. GARROD AND W: H. HURTLEY. 


Eaamination of the urine diamines. In 1901 H. A. 


Schélberg and one of us’, had opportunities of examining ten speci- 
mens of this patient's urine kindly sent by Dr Sadler. From seven of 
these no diamines were obtained; one specimen yielded a benzuyl- 
product which had the melting point of benzoyl-putrescin (a small 
residue of this product, recently reexamined, melted sharply at 176°— 
177°C.); two other specimens yielded what appeared to be mixtures 
of benzoyl-cadaverin and benzoyl-putrescin, which melted at inter- 
mediate temperatures. 

Whilst the patient was under observation the urine of a day 
was examined, but neither by the  benzoylation method, nor by the 
phenyl-isocyanate method: of Loewy and Neuberg* was the presence 
of a diamine ever detected. | 

By the kindness of Prof. W. H. Thompson, to whom also our best 
_ thanks are due, we were provided with a supply of arginin carbonate. 
Of this the cystinuric took five grammes, in solution nearly neutralised 
with hydrochloric acid; but no trace of putrescin could be detected in 
the urine of the arginin day, and that of the day following, either by 
the benzoylation or the phenyl-isocyanate method. 


This result was the more remarkable and unexpected because this 


cystinuric had spontaneously excreted putrescin five years previously, 
or to speak more exactly, his urine had yielded a benzoyl-compound 
which had the exact melting point of benzoyl-putrescin. Moreover it 
is in striking contrast to the result obtained by Loewy and Neuberg, 
who after a like dose of arginin recovered no less than 1833 grammes 
of diphenyl-cyanate of putrescin from the urine of their cystinuric. 
The feces were examined, on one occasion only, by the method of 
Udranszky and Baumann, but yielded no benzoyl-diamine. 


Examination. of the urine for leucin and tyrosin. Several specimens 
of the urine were examined for leucin and tyrosin by the ordinary 
method, but no evidence of the presence of either was obtained; nor 
did the urine yield @ more intense Millon’s reaction than is dbtained 
with ordinary specimens. 

Five grammes of pure tyrosin were taken in cachet by the mouth ; 
and the urine of the tyrosin day, and of the succeeding one, was 
examined, but no tyrosin was found in it. Had our patient responded 


to tyrosin feeding in any such way as the patient of Loewy and ~ 


1 Lancet, 1901, 1. p. 526, 
* Zeitechr. f. physiol. Chemie, xian. p. 855. 1904. 
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Neuberg did such a result would have been impossible; nor did the out- 
come of Millon’s test lend any countenance to the idéa thatany quantity 
of tyrosin was excreted in our case, which in this respect resembles 
those of Alsberg and Folin and of C. E. Simon. 

However, when the urine of these two days was benzoylated we 
obtained a small yield of a crystalline benzoyl-compound, insoluble in 
water, which after recrystallization from alcohol melted sharply at 
253°C. As this substance was not obtained on any other day it is 
highly probable that it was the benzoyl-compound of some derivative of 
tyrosin, either formed in ‘the intestine or after absorption. That it was 
not the di-benzoyl-tyrosinamide of Orton! is shown by the fact that the 
melting point of that compound is 246°C. The quantity obtained was 
too small for analysis. It did not yield Millon’s reaction, bnt this is 
not remarkable, seeing that the Pee nyeeeey group, if present, was 
presimably benzoylated. 

A new benzoyl-product obtained from the urine. The ite or a 
portion of the urine of almost every day was benzoylated according to 
Udranszky and Baumann’s method. This process was employed 
partly because of its simplicity and of the ease with which large volumes 
of urine can be dealt with, and partly because experience extending over 
a number of years had rendered the method familiar and reliable. __ 

_ Other benzoyl-compounds insoluble in water can be obtained by 
this process in addition to benzoyl diamines. Thus, as Orton and 
Garrod* showed, when alkapton urine is so treated the amide of 
di-benzoyl-homogentisic acid is obtained as a crystalline product, ben- 
zoylation in urine being in this instance equivalent to benzvylation in 

_ the presence of ammonia. Orton®, pursuing this investigation further, 
showed that in a like manner a number of acids of similar structure _ 
could be obtained as benzoyl-amides by benzoylation in the presence of 

ammonia, | 

On some days the urine of the cystinuric patient gave small yields 
of a crystalline benzoyl-compound and on others none at all, and with 
the exception of the tyrosin days, when the substance which melted at 
253°C. was obtained, the product: isolated was clearly one and the 
same. 

By repeated recrystallisation fcom hot slo, in which it was only 
, Sparingly soluble, this compound was obtained in colourless needles 
which melted at 205°C. Even when all the yields were collected 

1 Journal of the Chemical Society, uxxrx. p. 1851. 1901. 


2 This Journal, xxvm. p. 89. 1901. 
3 Journal of the Chemical Society, uxxrx. p. 1851, 1901. 
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together we had only 0°22 gramme of material in hand, for purposes of 
analysis, The collected material was made up of fractions, the melting- 


points of which varied from 201° to 205° C.,-but we hesitated to risk the 


loss involved by further recrystallisation of the whole quantity. On 
this account, and because, owing to the scanty material. available no 
control combustions were possible, the results of our analyses are b set 


. down with all reserve. 


An estimation of the carbon and hydrogen was catried out after 
several correct analyses of cane-sugar, and whilst the _ was - 
warm from the last such combustion. 

01522 of the substance yielded 0°4223 grm. 00, 

Although the percentage of ein, is so commiistchbty high we have 
considerable confidence in this determination, and an examination of 
the contents of the potash bulbs for nitrates and nitrites lent no 
countenance to the idea that any error was introduced ad inefficiency of 
the copper spiral. 

A determination of the nitrogen was attempted, on an extremely 
emall quantity of material, by Kjeldahl’s method, the ammonia being 
estimated by Nesslerisation. The figures obtained were : : 

00429 gramme yielded ammonia corresponding to 4'8 N 


Calculated from the above figures the percentage composition of the 
pene? compound would be as follows : 


C 75°67. 
H 465, 
N 48. 

Assuming these results to be even approximately correct, such 
percentages could only be got with a derivative of the tryptophane 
fraction of proteids, and presumably one containing @ quinoline grouping. 
— for example, the hypothetical benzoy! cynurin 

CH  00.00.0,H,. 
HO CH 


HC CH 


would have the following percentage composition, 
1. 
H. 44, 
N. 56. 
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As Ellinger’ has shown, cynurenic acid is undoubtedly derived from 
tryptophane, but neither this acid nor its derivative cynurin has hitherto 
been met with in human urine. As it has not hitherto been possible to 
have the patient again under observation, with a view to collecting a 
further supply of material and of testing the effect of the administration 
of tryptophane by the mouth, the nature of this benzoyl-compound 
must remain an open question. 3 

It should be mentioned that Bodtker* obtained from the urine of a 
cystinuric, among other products, a benzoyl-compound which melted at 
203°—204°C. However an estimation on a small quantity of the 
substance indicated a nitrogen content of only some 2°8°),. ’ 

Some further examinations were made of the urine of a second 
cystinuric, a young boy, from whose bladder more than one large cystin 
stone has been removed by Mr John Murray, but we have not been 
able to have this patient under direct observation. It may, however, be 
mentioned that in the large specimens of urine supplied we have failed 
to detect any diamine either by the benzoylation or phenyl-isocyanate 
method, nor have we been able to find leucin or tyrosin in it. This 
urine has been examined by one of us at intervals for several years past, 
and only on one occasion was a crystalline benzoyl-compound obtained 
from it which had the melting point of benzoyl-cadaverin. 


CoNCLUSIONS. 


1. In two cases of cystinuria here referred to no diamine could be 
detected in the urine at recent examinations, although there is good 
reason to believe that both subjects have at times excreted diamines. 
2. In neither case could either tyrosin or leucin be detected in the 
urine. 

8. In the case more fully investigated the administration of 
5 grammes of arginin carbonate by the mouth was not followed by any 
_ excretion of putrescin, although the patient had spontaneously excreted 
five years previously. 

4. In the same case no tyrosin could be detected in the urine after 
the administration of 5 grammes of tyrosin by the mouth. 

5. The same patient frequently excreted small quantities of a 
substance which yielded a crystalline benzoyl-compound melting at 
205° C., and which was probably a derivative of tryptophane. 


1 Zeitschr. f. physiol. Chemie. xu. p. 325. 1904. 
2 Norsk Mag. f. Laegevidensk, ti. p. 1220. 1892, . 
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- ON THE SECRETION OF URINE. By T. G. BRODIE, 
FRS, WINIFRED C. CULLIS, Lecturers on 
Physiology, London School of Medicine for Women. (One Figure 
in Text.) 


(From the Physiological Laboratories of the London School of Medicine 
for Women and of the Royal Veterinary College, London.) 


THE secretion of urine against a pressure has been the subject of many 
investigations, and is of considerable importance on account of the use 
to which the results obtained have been put in supporting one of the 
theories advanced for the explanation of the manner in which the 
kidney secretes urine. Such experiments naturally fall into two groups. 
In the first, the maximum pressure which the kidney can set up in the 
ureter during secretion is measured. In the second, the rate of urine 
flow against a small ureter pressure has been recorded. The conditions 
of the first group of experiments are of a very severe type, and result in 
the production of an oedema in the kidney. Hence they must be 
considered as essentially pathological in character, and their importance 
as a means of deducing the mode of action of any part of the renal 
tubule is limited. In the experiments of the second group the kidney 
suffers no injury whatever if the resistance to be overcome be kept 
within moderately low limits. At the end of such an experiment the 
kidney appears perfectly normal, both to the naked eye and micro-— 
scopically, and that its functional powers have not been impaired is 
proved by the fact that when the resistance is removed the kidney of 
that side almost invariably shows, for a time, a greater activity than 
_ that of the opposite side. It is with experiments of this class that the 
present paper deals, 


I. Previous Work AND GENERAL CRITICISM OF THE METHOD. 


The results obtained by previous workers have been contradictory 
in one very important respect. Thus, while the main number have 
found that the total volume of urine secreted by the side working 
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against a resistance is less than that on the opposite side (Lépine and 
Porteret, Lindemann, Cushny, Filehne and Ruschhaupt) a few 
have observed the reverse, viz. a greater flow from the resistance side 
than from the opposite (Pfaundler, Steyrer, Schwarz). In a 


recent paper Cushny' states that in two experiments he also had 


observed a more rapid rate of secretion on the obstructed side, a 
condition which was at once reversed on increasing the depth of the 
anesthesia. It was the discrepancy in the results in this very im- 
portant respect which led us to take up the question once more. 
Before we turn to an account of our own experiments it will be 
necessary to give a brief statement of those performed by others, 
together with a criticism of the arguments upon which they base the 
conclusions to which they arrive. 

The first to study the general change in amount and concentration 
of the urine secreted against a pressure were Lépine and Porteret?. 
In all cases they found the secretion on the pressure side diminished 
during the’diuresis following the injection of a 5°/, solution of sodium 
chloride. When the pressure employed was high (40 to 45 cms, of 


water), the diminution in the amount of water and chlorides was 


somewhat greater than-that of the urea. When, on the other hand, the 
ureter pressure was low (20 cms. of water) the diminution in the amount 
of urea was more marked than that of the water and chlorides. The 
comparison was of course made with the urine simultaneously. secreted 
by the opposite kidney, and the experiments were performed upon 
dogs. 

Lindemann’, who also experimented upon dogs, found the volume 
diminished upon the obstructed side, and though this decrease was more 
marked when the ureter pressure was raised further there was no 
proportionality between the two. The total amount of urea was always 
a little less on the pressure side, but the concentration was usually 
higher. On the other hand, there was very little change in the 
concentration of the chloride, which as a rule remained the same. The 
‘method employed by Lindemann for raising the pressure in the ureter 
was defective in that it of necessity varied, falling when the urine 
secreted was removed and gradually rising again as fresh urine was 
secreted. The explanation he offers of his results is that the heightened 
pressure within the urinary passages results in a partial occlusion of the 


1 Gushny. On the Secretion of Acid by the Kidney. This Journal, xxx. p. 195. 1905. 
? Lépine and Porteret. Comp. Rend. ovu. pp. 74—77. 1888. 
Lindemann. Ziegler’s Big. xxi. pp. 500—507. 1897. 
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vein, and the venous congestion thus produced causes diminished 


filtration from the glomeruli. 

He bases this conclusion upon the results obtained in three 
experiments in which the rate of blood flow through the kidney was 
measured before and after raising the pressure in the ureter. But in 


these the:pressures employed ranged from 100 to 210 mm. Hg., heights 


altogether out of proportion to the pressures adopted in the earlier 
_ experiments when observing the rate of urinary secretion. Even these 
high pressures only produced a diminution in the rate of blood flow 
amounting to 30 or 40°/, of the original rate, and he states that when 


lower pressures than these were employed no change in the blood flow — 


could be detected. Hence the observations he gives do not warrant the 
conclusion that the differences in the rate of secretion on the two sides 
observed in the earlier experiments are to be ascribed to changes i in the 
blood flow. 

Pfaundler’ investigated the flow of urine under rather different 
conditions, since in his experiments the ureters were ligatured for 
varying times, sometimes successive short periods, at other times 
prolonged periods, the ligature being finally loosened and the urine 
which had accumulated collected. Apart from the fact that he found 
a greater secretion on the pressure side than on the normal, the 
experiments have no further direct bearing upon our own, owing to the 
very different plans adopted in the two cases. 

Steyrer* analysed the urine collected from two female patients in 


whom, as a result of an operation in which the ureter was involved, 


a partial blockage of the one ureter was present. The observation is 
especially valuable as the kidneys were working under quite normal 
conditions and not under the influence of a diuretic nor of an anzsthetic. 
In both cases a greater volume of urine was secreted on that side as 
compared with the opposite. The total concentration was much 
decreased and so too was the total number of molecules secreted. This 
was true for all constituents, both electrolytes and non-electrolytes, 
nitrogendéus and non-nitrogenous substances. 

Some experiments of a similar type to those of Lindemann have 
been described by Schwarz*. In these, as in Lindemann’s experiments, 
the ureter cannula on the one side was connected to a burette which 
was partly filled with oil. The urine accumulated under the oil and 

Pfaundler. Hofm. Big. p. 886. 1902. 


* Steyrer. Hofm. Big. 1. p. 880. 1902. 
> Schwarz, L. Centralbl. f. Physiol. xvi. p. 281. 1902. 
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was removed from time to time. By this means the ureter pressure 
was kept approximately constant and the urine flow was then compared 
with that on the opposite ‘normal’ side. He employed rabbits and dogs 
for his experiments, and states that in rabbits the kidney could only 
withstand a pressure of 1 to 3 ‘cubic centimetres’ of oil with difficulty. 
Even after injection of a diuretic the pressure was not overcome, In 
dog’s on the other hand, the kidneys reacted by secreting a larger 
volume of urine. The total amounts of urea and sodium chloride were 
greater on the resistance side, but the percentages were less. Similar 
results were obtained when diuretics were injected. After phloridzin, 
the urine from the loaded side contained more dextrose, both absolutely 
and relatively. Methylene blue was excreted with the same rapidity on 
the two sides. He found the rate of blood flow uninfluenced by raising 
the pressure in the ureter, but the observations on this point were made 

upon defibrinated dogs, in a different series of experiments. : 

For his experiments Cushny' employed rabbits anezsthetised with 
urethane or paraldehyde. Into one ureter a long cannula was tied, the 
free end being L-shaped, the lateral branch being connected to a small 
mercury manometer, the other provided with a piece of rubber tubing 
which could be partially closed by a screw clip. Diuresis was excited 
by the injection of sodium sulphate, sodium chloride, urea, or mixtures 
of these substances. In all instances he observed on the pressure side 
a smaller flow of urine, a smaller total quantity of chloride, sulphate, or 
urea, but as a rule a higher percentage of these substances. 

A similar and more extensive series of experiments, also upon 
rabbits, have been conducted by Filehne and Ruschhaupt*. Their 
results, with two exceptions to which we will refer later, are generally 
similar to those obtained by Cushny. 

The main importance of the results obtained by this experimental — 
method lies in the fact that they enable us to test one of the commonly 
accepted theories as to the manner in which the urine is secreted, viz. 
the modified Ludwig theory. This asserts, (1) that the glomerulus is a 
- filter, filtering -from the blood-plasma a dilute solution of the salts and 
other dissolved substances of small molecular size, and (2) that this 
dilute filtrate is converted into urine during its passage down the tubule — 
by a process of active reabsorption. The glomerular filtrate must 
contain the salts and other dissolved substances in the same concentra- 
tions as they exist in the plasma because the available — pressure 

1 Cushny. This Journal, xxvm. p. 481. 1902. 
2? Filehne and Ruschhaupt. Pfliiger’s Arch. xcv. p. 409. 1908. 
PH. XXXIV. 15 
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is not sufficiently high to effect any detectable concentration. In the 
second step of the process it is assumed that a very large proportion of 
the water and of the salts is reabsorbed into the lymph or blood. Now 
we are just as ignorant of the process underlying an active reabsorption 
of water or salts as we are of those underlying their secretion, so that we 
gain nothing whatever by drawing an analogy between the cells of the 
tubule and those of the intestine, thereby implying that as the latter 
are known to absorb salts it simplifies matters to assume that the 
former do so also. In both instances, secretion and absorption, the 
phenomena are probably of the same general nature, and in either case 
we may regard the cells as secreting the salt, «.¢. driving it from a point 
of lower pressure to one of higher pressure, but in the one case into the — 
blood, in the other into the lumen of the renal tubule. Hence the 
only point we should gain by accepting this theory is a simple 
conception of the manner in which the glomerulus acts. Consequently 
the theory should stand or fall according as we prove or disprove that 
the glomerulus acts simply as a filter. It is necessary therefore to 
examine in some detail the evidence in favour of the glomerulus acting 
in this manner. 

The available force for any filtration through the glomerular loops. 
is the pressure difference between the blood in the capillaries and the 
fluid within the capsule. It has been assumed that the capillary 
‘pressure may be as high as 60 mm. Hg. Now it is highly improbable 
_ that the capillary walls plus the glomerular epithelium could support 
anything like this pressure, and we know from histological evidence 
that the. glomerulus is a distensible structure. Hence, if the glomerular 
capillary pressure ever attains the height of 60 mm. Hg. a good deal of 
that pressure must be taken off the walls of the glomerular loops by a 
counter-pressure within the capsule. Such a counter-pressure might 
for instance be obtained by pressing the glomerulus against the outer 
wall of the capsule, but against this idea is the fact that all histological 
evidence tends to prove that the glomerulus is always found separated 
from the outer wall of Bowman’s capsule. If fluid be present within 
the capsule we therefore consider that the pressure it exerts upon the 
_ outer surface of the glomerulus must be considerable. In this connection 
it must be remembered that a definite pressure-head must be developed 
within Bowman’s capsule sufficient to drive the fluid along the tubule. 
As to how high this pressure-head must be we hope to prove in a 
future paper. Hence if the glomerulus be a distensible structure, and fluid 
be found between the glomerulus and the capsule wall, it necessarily 
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follows that the pressure available for filtration must be far less than 
has commonly been assumed by the supporters of Ludwig’s theory. 
It therefore becomes an essential condition for those supporting the 
mechanical theory to prove that the pressure within the capsule is 
sufficiently below that of the blood within the capillaries to account for 
the filtration of fluid into the capsule. 

- Turning attention in the next instance to the views expressed as to 
the absorption process. An explanation must be given as to the manner 
in which, from a filtrate containing salts and other dissolved substances 
in the relative proportions present in blood-plasma, a urine has been 
produced in which the relative concentrations are widely different. It 
is necessary to assume that the cells of the tubules reabsorb water and 
salts to very different degrees, and that the amount of water reabsorbed 
must be very considerable indeed. This, as is well known, formed one 
of Heidenhain’s most cogent criticisms against the mechanical theory. 
He pointed out that even supposing the tubule cells did not take back 
any of the urea filtered off by the glomerulus yet #%ths of the total 
water discharged from the glomerulus during the day must be re- 
absorbed: When we consider that the evidence is conclusive that the 


amount of any salt discharged in the urine finally depends upon its 


excess in the blood, we must conclude that the part played by the 
tubule cell in the conjectured reabsorption process for any salt must be 


_ guided entirely by the concentration of that substance in the blood. 


This is at the start the same as that in the glomerular filtrate. The 
only difference between the two fluids is that the one contains proteins 
and other substances which could not be filtered through the glome- — 
rulus. Hence we must assume that in the first instance the tubule cells 
are extremely sensitive to changes in the protein concentration slightly 
above that normal to the animal. This change would in fact determine 
the degree of reabsorption of water, though the latter might to some 
extent be aided, at the commencement, by a relatively greater concen- 
tration than normal of salts or other material in the blood. In any case 
we must also assume that the tubule cells are extremely sensitive to 
minute changes in the saline constitution of the blood. As this is 
necessary, it is certainly simpler to assume from the start that all the 
cells of the tubule, including the glomerular epithelium, possess this 


_ discriminative power, and if possible do not permit essential salts which 


may already be present in the proper or too low a concentration to pass 
through them. — 
As offering a partial explanation of some of the phenomena of 
15—2 
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reabsorption, as it is supposed to occur on the mechanical theory, it has 
been suggested that the tubule cells exhibit varying degrees of per- 
meability (Cushny) to different salts and other diffusible substances. 
Strictly speaking permeability denotes the greater or lesser ease with 
which, by diffusion, a substance may pass through the surface of « cell. 
In the case under consideration it therefore refers to the surface of — 
the tubule cell bordering the lumen. Once inside the cell the facts 
demand that diffusion processes must stop and the substance must be 
driven through the cell by some process involving the performance of 
work on the part of the cell. It has also been assumed on this 
hypothesis that a substance once diffusing into the cell is of necessity 
driven back into the blood and none of it returned again into the 
tubule even though that substance may already be present in the blood 
to an extent far above the normal. When we examine this idea by 
comparing the amounts of two salts eliminated during different periods 
of the same experiment we find in many instances that it becomes 
necessary to conclude that the permeability of the cells to a particular 
salt may change enormously. Apart from the assumption of its 
existence as helping to explain certain facts in accordance with Ludwig’s 
theory there is no evidence whatever that the lumen surfaces of the 
tubule cells show different degrees of permeability to different salts. 
On the other hand there is evidence, in the work of Gurwitsch! and 
others, that the opposite surface of the cell offers but little impediment 
to the diffusion of a number of substances into its body. 

The next. point to be considered is how the introduction of a pressure 
in the water should modify the action of the kidney if this theory is 
correct, When considering the effect upon the glomerulus, the first 
point to settle must be whether the rise of pressure in the ureter 
diminishes the conjectured pressure difference available for filtration. It 
must do so to practically the amount by which the ureter pressure 
_ is raised unless there is some very free lateral outlet for the glomerular 
filtrate. Cushny considers that there is such a free outlet in the 
reabsorbing mechanism, and argues that this path offers so little 
resistance that the pressure in Bowman’s capsule would not be 
altered at all by raising the ureter pressure 25 to 35 mm. Hg. But 
this conclusion is, based upon two misconceptions. In the first place 
Cushny takes as the measure of the resistance offered by the two paths 
open to the glomerular filtrate, the relative amounts of water passing 
along hoes according to the Ludwig theory. Thus, supposing 30 
Gurwitsch. Pfliiger’s Archiv, xct. p. 71. 1902. 
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times more fluid is being absorbed than is being discharged through — 
the ureter, he argues that the resistance through the tubules is 30 
times less than the resistance by the ureter. But we are dealing in 
reality with fluid movements of totally different characters, the one 
opposed by fluid friction only while the other is determined entirely by 
the degree of activity of the cell. It does not follow that they obey the 
same laws, in fact it is certain that they do not. Hence it is not 
possible to assume that the one encounters a resistance 30 times 
greater than the other. Even supposing it were possible to compare 
the resistances in this way we must remember that this estimate of 
their ratio to one another was made by a calculation from the total 
day’s secretion. In the second place Cushny assumes that the ratio 
between the two resistances is the same during diuresis as the average 
ratio calculated from the day’s secretion. But it is obviously impossible, 
for instance, to suppose that when the two kidneys of a dog are 
secreting 20 cc. of urine in a minute, as we have observed on one 
occasion, the reabsorption was at the rate of 600 cc. pér minute, a 
figure which exceeds the total blood flow through the two organs. It 
is a usual assumption that the greater the flow of urine may be during 
a diuresis the more nearly does the urine approach in composition to 
that of the glomerular filtrate. The length of time during which the 
glomerular filtrate is exposed to absorption in the tubule must certainly 
be taken into account when estimating how far reabsorption is to be 
regarded as exceeding the final output from the tubule. For these 
and similar reasons, therefore, we do not think it possible to assume 
_ that the resistance to reabsorption is .so low that a rise of pressure in 
the ureter should be unable to make itself felt all along the tubule, and 
particularly so during diuresis. In our opinion it is transmitted at 
once to the capsule of the glomerulus and raises the pressure there by 
an amount equal to that induced in the ureter. Even supposing, to take 
a favourable view, that the capsular pressure is raised, but not to the 
height set up in the ureter, the result must be a diminution in the 
amount of any glomerular filtrate being produced. In the case of most 
observations hitherto recorded it is possible to accept this and still 
retain the explanation afforded by Ludwig’s theory. We must then 
judge the volumes of filtrate produced on the two sides by estimating 
the amounts of a substance excreted on both sides and to which. the 
renal cells may be considered impermeable. If this be done, for 
instance in a diuresis experiment in which sodium sulphate is injected 
and on the supposition that this salt is not reabsorbed by the tubules, 
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the great difficulty is at once encountered that so high a pressure as 
35 mm. Hg. in the ureter should only lower the amount of the glome- 
rular filtrate some’20 to 30°/,. 

In the second place we have to consider what effect ‘would be 
produced by a rise of pressure in the ureter upon any absorption taking 
place in the tubule. We know in the instance of the intestines that 
raising the pressure does lead to a more rapid absorption, and we can 
only assume that the same would be the case for the tubules of the 
kidney. This indeed has always been assumed when explaining, upon 
the mechanical theory, the decrease in the amount secreted by the 
kidney when working against a pressure. But if we examine the extent 
of the changes brought about by a small ureter pressure. it follows very 
clearly that if an increased rate of absorption has been the chief change, 


the effect produced is altogether out of proportion to the small hydrostatic — 


pressure which was employed. Thus to take an instance from our own 
experiments. In Period IV of Exp. 3 (p. 239) the concentration of the 
sulphate in the urine was 1°68 °/, on the open side and 2°65 °/, on the 
pressure side. The osmotic pressure of a sodium sulphate solution of 
168 °/, is 4710 mm. Hg., and of one of 2°65 °/, is 7430 mm. Hg. The 
difference in osmotic pressure between these two urines, so far as the 
sulphate alone is concerned, amounts therefore to 2720 mm. Hg., a 


pressure difference which is altogether out of proportion to the small 


pressure of 14°7 mm. Hg. which was set up in the ureter. Hence the 
power of the tubule cell to reabsorb must be considered as stimulated in 
@ most remarkable manner by thus favoring its work by means of a 
small pressure. 

For purposes of comparison the only plan open to us is to collect 
samples from the two kidneys simultaneously, the pressure being raised 
in one ureter only. In contrasting the two urines we therefore assume 
that the two kidneys are under exactly the same conditions with the 
sole exception that the one is secreting against a small pressure. The 
blood supplied to the two is of course the same, te. the stimulus to 
secrete is equally powerful on the two sides. Hence the only other factor 


to decide is whether the circulation through the two organs remains 


equal. This has already been tested by Schwarz and by Lindemann. 


The former, however, worked upon defibrinated dogs so that his results — 


cannot be considered to decide the question. Lindemann experi- 
mented upon anzsthetised animals and found that the circulation 


through the kidney diminished when the ureter pressure was raised 
considerably, e.g. 100 to 210 mm. Hg. With lower pressures little or no 
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effect was produced. The only other possible change in the rate of the 
blood flow is that the rise of pressure in the ureter might lead, reflexly, 
to a dilatation of the glomerular blood-vessels and therefore to a greater — 
filtration. We have tested this point but so far with completely 
negative results, the rise in ureter pressure has not produced the least 
effect upon the rate of blood flow through the organ. We are extending 
our experiments to completely denervated kidneys and will describe 
them in a future paper. We may also point out in this connection that 
the most marked of our results have been obtained when the ureter 
pressure was only raised to a small extent (10 cms. of water) and 
that the effects tended to be more evanescent when higher pressures 
(20—35 cms.) were employed. 


There is yet another possibility to be considered. Even though the 
rate of blood flow through the organ as a whole has not changed, it is 
still possible that the flow through the glomeruli may have increased 
but be masked by a compensating diminution in the flow through the 
arteriole recte. We may certainly exclude this possibility, however, 
when we remember that the total blood flow through the organ in 
these experiments is extremely high (200 cc. per minute for a kidney 
of 30 to 40 grms. weight is quite usual). Moreover, it is extremely 
improbable that no change whatever would occur, as was eng case in 
the experiments in which this point was tested. 

From these considerations we conclude that, if the filtration- 
reabsorption theory gives a true explanation of the processes by means 
of which the kidney secretes urine, raising the pressure in the ureter 
must lead to the two following results :— 


__ (1) The volume of the urine secreted on that side must be dimin- 
(2) The total amount of any substance which is not reabsorbed by 
the tubule cell (or to which the cells are impermeable) must also be 
diminished. If the substance is reabsorbed, no matter to how small an 
extent, the total amount excreted must be all the more diminished. 


The first of these two deductions must follow even if we assume with 
Cushny that the volume of the glomerular filtrate is not diminished 
by raising the ureter pressure. With respect to the second deduction 
we may suppose that the amount of any substance may remain unaltered 
if we assume, (1) that the total volume of filtrate is unchanged, and (2) 
that the tubule cell is impermeable to that substance. We have already 
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given our reasons for disallowing the possibility of the volume of filtrate 
remaining unaltered. 

When discussing the results of previous workers it appeared to us 
that the explanation of the contradictory results obtained might be, 
either that successive workers employed different species of animals, or 
that varying degrees of anwsthesia were present during the different 
observations. We therefore commenced the experiments given below, in 
which our aim has been to avoid the administration of an anesthetic 
altogether. All the present observations refer to dogs only. 


Il METHOD AND RESULTS. 

The best plan of avoiding any impairment of the renal function by 
an anzsthetic would be to use the method of artificial perfusion, but up 
to the present such experiments have not succeeded sufficiently well to 
be available for the purpose. We therefore worked upon animals which 
had been killed by pithing. In order that the kidney may still be able 
to secrete freely after destruction of the brain it is essential that the 
vasomotor centre should not be too severely injured, so that the blood- 
pressure may be sufficiently high for the kidney to work normally. 
This is easily attainable if, in thrusting the instrument (a sharp pointed 
awl) into the brain, care be taken to pass it obliquely above the medulla. 
The whole of the hemispheres, crura and basal parts of the brain may 
then be destroyed with ease without damaging the medulla. Such 
animals recommence to breathe within a few minutes, ‘though the 
‘Tespiration is commonly irregular and shallow. They usually show 
- symptoms of excitations of the cardiac centre. The blood-pressure is 
slightly higher than normal, indeed in some of our experiments, 
particularly those in which the vagi had been divided in the neck, it has 
been as high as 170—180 mm. Hg. Such animals survive in this — 
condition for some 4 to 8 hours. There is a tendency in some of them 
to fail fairly early, especially if the blood-pressure has been very high 
at the start. The earliest sign of this failure is usually a slow but 
progressive fall of the blood-pressure, commencing at about the end of 
the first hour. Cheyne-Stokes respiration is very common. This 
failure is probably due to hemorrhage into the cranial cavity which 
gradually becomes more extensive as time progresses. The pressure 
thus set up involves the medulla more and more with the results above 
indicated. The high blood-pressure so commonly observed in these 
experiments is probably due to the high intracranial pressure set up 
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oe the hemorrhage. We have always employed artificial re8piration 
throughout the whole experiment in order to get a more uniform 
and perfect aération of the blood. Our observations have always 
been made as soon as possible after pithing. 

The operative procedure was as follows. The animal having been 
killed by pithing, a tracheal cannula. was inserted and artificial respira- 
tion started. Cannule were next tied in one carotid and in one 
external jugular vein. The former served to record the blood-pressure, 
the latter was for the purpose of the intravenous injections. The 
abdomen was then opened for a short distance in the mid line, the 
ureters isolated, and cannule inserted. These were usually tied in low 
down, near the bladder, since we found that inserting them near the 
pelvis of the kidney or passing a long cannula up the ureter until its 
orifice lay within the pelvis made no difference to the results. The 
former plan was therefore adhered to on account of its simplicity. If 
the urine was found to be flowing at all freely a control sample from 
each kidney was first collected. In nearly all the experiments 
the urine was collected in successive samples, each for a period of 
fifteen minutes. The pressure was applied sometimes to the one 
kidney, sometimes to the other, and in experiments in which there was 
a good flow of urine before the injection of the diuretic the side which 


had secreted less urine was usually connected to the pressure apparatus. 


In other experiments the diuretic was injected at once, a 15-minute 
sample collected and the side which had secreted least connected as 
before to the pressure-flask. In some experiments one ureter was 
obstructed at once and the diuretic then injected. 

We consider it of essential importance that the pressure against’ 
which the one kidney is secreting should be maintained absolutely 
constant throughout the whole observation. It is well known, and we 
have always confirmed it in our experiments, that as soon as the 
pressure is removed the kidney commences to secrete at a faster rate 
than the opposite one. Hence to obviate any possible idea that a 
greater flow on this side might be due to variations in the pressure, we 
have taken especial care to maintain the pressure absolutely constant. 
We have effected this by the apparatus sketched in the accompanying 
diagram. The ureter cannula is connected to a piece of thick-walled 
capillary glass tubing, a, which is bent and passes through a cork into 
the receiver, A. The total capacity of this piece of capillary tubing, of 
the ureter cannula, and the tubing connecting the two only, amounts to 
1:2¢c. The lower end of this receiver is drawn out and provided with 
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a piece of rubber tubing and a spring-clip (c) so that at any moment any 
urine collected may be drawn off. The receiver, A, is also connected to 
a large flask, B, a L-piece being inserted between them. This flask is 
half filled with water and closed with a cork through which two tubes’ 
.pass, the one short and connecting it to the receiver, A, the other long 
and bent as shown in the diagram. -The one end of the latter tube 
passes to the bottom of the flask, B, the other opens under the surface 
of the water contained in a large glass cylinder C. By blowing air into 
the flask through the 1L-piece, d, this tube is filled with water and the 
air in B, and therefore in A, compressed. The height of the pressure is 
regulated by removing or adding water to C thus changing the difference 
between the two water levels. As the urine collects in A water is 
displaced from B into C, but as the free surface of the water in the two 
vessels is extensive, practically no change of pressure occurs. Under . 


the conditions of our experiments it did not amount to more than 2 mm. 
of water, and even this can be avoided if desired. When the sample of 
urine is to be removed the pinchcock, ¢, is slightly opened, so that the 
urine escapes slowly, thus avoiding any change of pressure within the 
receiver. 

The urine was collected in weighed bottles and its amount is given 
in grams, With one exception, the diuretic employed. throughout the 


experiments detailed in the present paper was a concentrated solution 
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of sodium sulphate. Its strength varied between 6 and 8 ie of the 
anhydrous salt. 


The chlorides were | edad: by Volhard’s | process ond the 
sulphates by precipitation as the barium salt following the procedure 
worked out by Folin'. This gives most accurate results. In all 

. cases the analyses have been made in duplicate whenever the amount 
of urine available has enabled us to do so. In the protocols both the 
chlorides and sulphates are expressed in terms of the sodium salts. 


The following protocols give an abbreviated account of five typical 
experiments together with the results of the analyses. 


Exr.1. Dog. Male. Weight=9-8 kilos. Right kidney secreting against a constant 
pressure of 25 cms. of water during the whole of the experiment. Between 12.45 and 2.0, 
the animal had received injections of NaCl and Na,SO,. The total amount of sulphate 
injected was 105 ¢.c. of an 8 °/, solution of sodium sulphate’. 


Weight of urine in grams 
2.00... Commencetocollect urine. 90 
2.10. 102 
2.16. First samples of urine. 96 95 15°45 
Il { 2.20. 104 
2.30. Second samples of urine. 104 19°45 25°00 
IIL { 2.35. 100 
2.45, Third samples of urine. eee 21°20 19°60 
3.00. Fourth samples of urine. 94 19°65 15°60 


* In giving the protocols, the amounts of urine, of sulphate and of chloride are given 
tor the two kidnays side by side, that for the normal kidney being placed first. 


The following table gives the results of the analyses . the specimens 


of urine :— 
Taste I. A. 

Suiphates Chlorides 
Urine in grams % Total Total 

L 950 15°45 1677 1:666 0:1593 02574 0-092 0-132 0-0087° 00203 
Il. 19°45 25°00 2-151 04271 05878 0005 0-005 0-0059 00011 
III. 21:20 19°60 2-074 0°4397  0°2691(?) 0-002 0°002  0:0004 0°0004 

IV. 


19°65 15°60  1:495 02938 02637 000 0:00 0°00 000 


1 Folin. Journ. Biol. Chem. 1. p. 151. 1906. 
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Giving the amounts on the R. (pressure) side calculated as percentages of 
those on the L. side, 

Urine ~ Total sulphates Total chlorides 
I. 162°6 161-6 

Il. 128°5 125°9 18°6 

92-5 61-2 (2) * 100-0 

IV. 79°4 89°8 aes 


during the time the one kidney was secreting against a pressure. 


Exp. 2. Dog. Female. Weight=8°5 kilos. Right kidney secreting against a constant 
pressure of 20 cms. of water up to the end of Period IV. The solution injected was a 
6°02 °/, Na,SO,. In a preliminary period the right kidney was secreting a little better than 
the left. Throughout the experiment the urine secreted on the left side was very slightly 
blood-stained. Weight of R. kidney=26°5 grs.: of L. kidney = 26-0 grs. 


Urine in grams 

Time L. R. 

12.40. Commence to collect urine. 

Inject 6 c.c. sulphate solution. -- _ 

I, 12.45. » 10c.c. 

12.55. » Collect urine. 2°40 9°14 

I. 1.00. » 10c.0. 

1,10. » 10¢.c, ee: Collect urine. 19°48 26°73 

IV. 1.25. » 10c.c. +s Collect urine. 19:87 22°17 
1.40. Collect urine. 15°13 15°90 
’ 1.55. Collect urine. 704 9°60 


The results of the analyses are given in the following table :— 
Taste II. A. 


a | | 
4 | 
Sulphates Chlorides 

Urine in grams 

q IL 240 914 188 128 00439 01173 006 018 00014 0-0119 

4 Il. 1948 26°73 168 1:40 08179. 03750 002 0:06 00039 00171 

III. 1987 22:17 1:34 1-57 0-2667 0:3490 0:02 0:06  0:0044 0-0183 

q IV. 1518 15:90 183 166  0:2769 0-2643 0:00  0:0009 0-00 

V. 704 960 178 1:89 0-1258 01814 0-002 0:00  0-:0002 0-00 
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Taste IT. B. | 
Amounts on R. (pressure) side calculated as percentages of those on L. side. 
Urine Total sulphates 
380°8 267°2 
II, 187°2 1180 
111°6 1309 
IV. 105°1 95°5 
v. 136-4 144°8 


Exp. 3. Dog. Male. Weight=7-75 kilos. 
of 20 cms. of water from 12 to 1. Injection fluid 602%, Na,SO,. Weight of RB. 
_ kidney=20 gre.: of L. kidney=20 grs. 


Urine in grams 
Time R, L. 
11.30. Inject 10 c.c. sulphate solution. 
11.45. , 1c... 1st samples urine. 2°88 1°40 
11.50. ,, Wee. 

12.00. ,, 10c.<. a 2nd samples. 17°08 11°74 
» wee. is 

12.15. ,, Wee. 8rd samples. 18-52 18-98 

IV. 19.95. ,, 10c.. 
12.30. ,, 4th samples. 21°71 15°62 

vi. [184 » Wee ,, 5th samples. 31°50 25°79 
: 1.00. Remove resistance. 6th samples. 22°97 6°81 
Vi 148. 7th samples. 991 5-61 


The following table gives the results of the analyses :— 
Taste II]. A. 


Sulphates Chlorides 
Urine in grams % Total % Total 
R. L. R. L. R. L. R. L. R. L. 
I. 288 140 1:07 209 (00307 00293 0-144 0-261 0:0041  0-0037 
Il. 17°08 11:74 1:74 218 02961 0°2507 0-016 0-013  0-0026 0-0016 
Il. 1852 1898 2:26 308 04191 04238 0-020 0005 0-0007 
IV. 21-71 15°62 168 265  0:3644 04135 0:020 0-004  0:0043 0-0006 
V. 85°10 2579 1:47 194 05151 05008 0015 0:005  0:0053 0-0013 
VI. 22:97 681 1:47 188  0°8871 0°1246 0°005 0-005  0-0012 0-0003 
991 561 168 1:78  0:1668 0-:0999 0-000 0-000  0:0000 0-000 q 
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Taste IIL. 
Amounts on L, side expressed as percentages of amounts on R. side. 
Urine Total sulphates 
48°6 95°4 
Il. 68°9 84°7 
75°5 101°1 
IV. 720 113°5 
Vs 73°5 97°1 
VI. 29°6 
VII. 56°6 59°9 
Exp. 4. Dog. Male. Weight=13°86 kilos. Left kidney ing 


: Urine in grams 
Time 

L { 12.00. Commence to collect urine. 110 — — 
12,16. 1st samples. 114 792 1°95 

} 12.80. Inject 10 c.c. sulphate solution. | 

2ndsamples. 120 5°64 5°40 

12.45. ,, Wee. » 8rdsamples. 140 1408 13°58 

1.00. ,, Wee. » 4thsamples. 120 19°57 

» 5thsamples. 110 21°77 20°64 

VI. 125. ,, 96 
1.30. 6thsamples. 112 46°97 38°94 

Vi. 1.42. | 84 
1.45. Remove resistance. 7th samples. 90 81°40 ~ 29°10 
2.00 Sthsamples. 94 18°73 22°09 


Analysis of the samples of urine gave the following results :— 


Taste IV. A. 
Sulphates 

Urine in grams Total 
I 7°92 7°75 0-048 0-053 0°0039 00041 
IL. 5°64 5°40 0-12 0°15 0-0066 0-0081 
Til. 1403 18°63 1°84 1-93 0°2576 0°2625 
IV. 19°57 19°38 2°72 2°76 0°5330 0°5349 
4 21°77 20°64. 3-01 3°04 0°6553 0:6270 
VI. 46°97 38°94 229 2°59 1-0758 10095 
VII. 31°40 29°10 2°42 2:39 0°7308 . 0°5006 
VIII. 18°73 22-09 2°38 2°38 0°4450 0°5255 


The urines of Periods I, and II. in this experiment gave very slight cloudiness with 
ilver nitrate, the other samples gave only the faintest trace of a reaction for chlorides, 
t was not possible to estimate them in the amount of urjne available for the purpose, 


4 
4 pressure 
4 of 20 cms. of water from 12.15 to 1.45. Diuretic injected 7°85 °/, sodium sulphate. 
q Both kidneys appeared perfectly normal at the end of the experiment. No odema. 
| of R. "5 : of L, 
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| Tame IV. B. | 
Giving the arhounts on the L. side expressed as percentages of those on the R. side. 
Urine Total 
97°9 1051 
I. 95°7 122-7 
. 101-9 
IV. 99-0 100-4 
Vv. 94:8 95°7 
VI. 82-9 | 93°8 
VIL. 92-7 68°5 
Vill. 117°9 118°1 
Mal 


4 Exp. 5. Dog. e. Velie =6°14 kilos. Right kidney secreting against a pressure 
of 10 ems. of water from 2.55 to 4.39. Left kidney secreting against the same pressure 
| from 4.49 to 5.12. Injection fluid 7-85 /, sodium sulphate. Weight of R. kidney = 19-6 grs.: 

‘6 grs, 


Urine in grams 
‘Time R. 
2.55. Inject 10 sulphate solution, 60 
3.00. 10 c.c. ” > 84 
8.11. , lc. » More of medulla 
destroyed. 92 
821. , Wee. 65 
8.29. , Doe. » Urine beginning to 
| flow on both sides. — _ -— 
I 3.33. » ” 70 
8.48. ,, 50c.c, 76 
3.44, lst samples. — 10°71 17°81 
IL. 8.48. ,, 50c.c. 70 
3.59. 2nd samples. — 21°08 28°29 
IIL. 4.04. 44 
4.14, 8rd samples. — 14°11 13°16 
4.18. 51 -- 
IV. 4.25. ,, 50c.¢. 
4.27. 54 
4.29. 4th samples. — 21°76 22°51 
Vv. 4.37. ,, 42 
4.39. Remove resistance, R. ‘io 5th samples. — 13°71 14°47 
VI. 4.41. Inject 25 c.c. sulphate solution. 58 _ -- 
4.45. 6th samples. — 9°36 13°71 
4.48. 47 
4.49. kidney secreting against a pressure. 
Vil. 4.52. Inject 50 c.c. sulphate solution. 52 — — 
5.00. 7th samples. — 13°58 ‘25°70 
(6.02. esc. 58 — 
5.10. | 87 - 
5.12. 8th samples. 7°15 12°06 
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The following table gives the results of the — of the urine 
samples :— 


Taste V. A. 
Sulphates 
Urine in grams Wp Total 
R. R. R. 
‘ 10°71 17°81 2°37 2°39 0°2538 0°4256 
II. 21-08 28°29 2°29 2°32 0°4827 0°6568 
ITI. 14°11 13°16 2°49 2°35 0°3513 0°3093 
IV. 21-76 22°51 2°35 2°45 0°5115 0°5515 
Vv. 13°71 14°47 2°43 0°3382 0°3675 
VI. 9°36 19°71 258 248 0-2415 0°3400 
VIL. 13°53 25°70 2°74 2°70 0°3708 0°5555 
VIII. 7-15 12°06 2°74 2°74 0°3306 


In this experiment the 5th samples are for an interval of 10 minutes; the 6th for one 
of 6 mins. ; the 7th for one of 11 mins. ; and the 8th for one of 12 mins. 


Taste V. B. 


Giving the amounts on the R. side expressed as percentages of the 
amounts on the L. side. 


Urine | Total sulphates 
L 166°3 167-7 
Il. 1342 
Il. 93:3 88-0 
IV. 108-5 108°1 
v. 105°5 110°3 
VI. 146°5 
vl. 190-0 149-8 
168°7 168-8 


An examination of these five experiments brings out, in particular, 
two points upon which we must lay especial stress. — 


1. In three out of the five experiments the kidney working against 
@ pressure, during one or more of the periods, excreted a greater volume 
of urine than the kidney on the opposite side. Out of a total of 23 
different periods no less than 10 showed this excess in favour of the side 
secreting against a resistance. On the other hand, in Exps. 3 and 4 the 
pressure side throughout secreted less than the opposite side. In 
Exp. 2 the kidney on the pressure side always secreted more than the 
other, and in Exp. 5 it secreted more in four out of five observations. 


2. In every experiment there are at least two periods during which 
the total amount of sulphate excreted on the side working against a 


resistance is greater than that excreted by the opposite kidney. These 
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periods do not necessarily coincide with those in which the total volume 
of urine is in excess on the pressure side. Of these periods there are 
two in each of Exps. 1 and 3, three in Exps. 2 and 4, and four in Exp. 5. 
They invariably occur early in the course of an experiment, while later 
the free kidney always secretes more fluid and more salt than the opposite 
kidney. This latter is the stage which alone was observed by ssid 
and by Filehne and Ruschhaupt. 


Ill. Genera, OF OUR RESULTS. 


It is seen that many of our results are in complete opposition to the 
two main deductions we have drawn on p. 233. Every experiment, 
without exception, affords at least two such instances. First with 
respect to the volume of the secretion. Of the 23 different periods of 
observation recorded in this paper, no less than 10 showed an excess in 
favour of the obstructed side, while in seven further periods the amount 
secreted on this sifle exceeded 90°/, of that on the opposite side (the 
average of these seven periods amounted to 94r9 °/,). 

There appears to be a definite pressure below which the kidney at 
the commencement of a diuresis secretes more rapidly as compared with 
the opposite kidney secreting against no resistance. If the pressure 
exceeds this height the kidney from the start secretes less than the 
opposite, This pressure apparently varies in different individuals and 
possibly with different strengths of diuretic. A low pressure (10 cms, 
of water) is more effective in producing this result than a higher 
one (20 cms.). 

The next test of the filtration-reabsorption pre which our 
experiments afford is that gained by estimating the total quantities of 
sulphate secreted during the different periods of the experiments, In 
every experiment, without a single exception, there have been two 
periods, and in three instances more than two periods, in which the 
total amount of sulphate secreted has been greater on the side secreting 
against a pressure than on the open side. In addition to these instances 
there are four: others in which the total amount on the pressure side 
- exceeded 90°/, of that secreted on the other (the average of these four 
amounts to 95°5°/,). These instances are Period IV. of Exp. 2; 
Period V. of Exp. 3; Periods V. and VI. of Exp. 4. Thus out of 
23 different observations no less than 19 are in direct opposition to the 
second conclusion (see p. 238) which we deduced on the supposition that 
Ludwig’s theory was correct. . 


PH. XXXIV. 16 
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If we turn attention in the next place to the results obtained in our 
experiments with respect to the amounts of chloride excreted we find 
that they too furnish further evidence against Ludwig’s theory. Thus 
there are again several instances in which the total amount and the 
percentage of chlorides are both higher on the resistance side than on 


the open side. In all cases the percentage amount is much less than 


that of the blood. Hence, on the geabsorption theory, it would be 
necessary in these instances to assume that for some reason the kidney 
working against a pressure has reabsorbed less chloride than the opposite 
one, #.¢. under conditions which should favour reabsorption rather than 
retard it. Another point of considerable interest was observed in one 
of the experiments (Exp. 4). In this from start to finish the amount of 
chloride excreted was so minute that it was impossible to estimate it in 
the quantity of urine available for the purpose. This was the same on 
both sides. On the filtration-reabsorption theory this would require the 
_ assumption that the whole of the large amount of chloride present in 
the glomerular filtrate had been reabsorbed in the tubule. It does not 
appear to us in the least degree probable that the kidney is so imperfectly 
adapted to the needs of the body that it passes through the glomerulus 
enormous quantities of chloride at a time when, as the general course of 
the excretion clearly shows, the body cannot spare it, and that it 
therefore becomes necessary for the tubule to absorb the whole of it 
back again immediately afterwards. The risk of loss of some of the 
valuable, indeed indispensable, chloride would be great. If such 
@ process were taking place it would surely happen that when a large 
diuresis was established the rate of flow of the filtrate along the tubule 
being so accelerated would give a much shorter time for reabsorption to 
take place and some of the chloride would be lost. It is the common 
experience of everyone who has worked in this direction, that sooner or 
later in a diuresis experiment, caused for instance by sodium sulphate, 
the amount of chloride in the urine gradually diminishes and finally 
disappears—even though the diuresis may then be at its height. To 
some portion of the tubule it is necessary to ascribe a power of reacting 
to small changes in the concentration of the plasma in chloride. It is 
much simpler to suppose that all the cells of the tubule possess this 
faculty from the start and that none of them allow any chloride to pass 
through unless it is present in greater concentration than is required 
under the conditions then existent. | 

Evidence throwing doubt upon the filtration- alae theory has 
been forward by Filehne and Rusch haupt? in experi- 

1 Loe. cit, p. 421. 
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number of their experiments are susceptible of explanation upon the re- 
absorption theory, but there is one set in particular in which, as the 
authors point out, the theory fails. These deal with the diuresis caused 
by sodium sulphate im an animal enriched in sodium chloride by a 
previous injection. The sulphate was injected as the diuresis caused by 
the chloride began to fail. In a number of such experiments it was 
found that while the volume of urine was less on the pressure side than 
on the opposite side, the concentration of the chloride was higher and 
that of the sulphate lower during the early period of the sulphate 
_ diuresis. Later the inverse condition was found, the concentration of 
the chloride becoming less and that of the sulphate greater on the 
pressure side than on the control side. To explain this result on the 
filtration-reabsorption theory, assuming that the glomerular filtrate is 
of the same concentration on both sides but less in amount on the 
resistance side, it becomes necessary to assume that in the first part of 
the experiment the tubule cell is more permeable to sulphate than to 
chloride as compared with the normal side, while in the later stage of 
the same experiment the property of the cell in this respect becomes — 
exactly inverted and it becomes more permeable to chloride than to 
sulphate. This change, moreover, is assumed to take place within a 
relatively short space of time, one in which the total concentrations 
of sulphate and chloride in the blood have not altered very extensively. 
As Filehne and Ruschhaupt point out, their result does not disprove 
the possible occurrence of reabsorption, though it proves conclusively 
that we must not make use of it as the basis of a theory of normal 
secretion of urine or of diuresis. “It is not .a question whether 
reabsorption can occur occasionally, but whether the preparation of urine 
and diuresis depends upon filtration and reabsorption’.” We are entirely 
in accord with this view of the question. 

Hence, as we conclude that our experiments afford proof that the — 
kidney does not secrete urine according to the plan postulated in 
Ludwig’s theory, it remains to determine, if possible, the processes 
concerned, If we accept the view that the whole action is a true 
secretory one, and that material once discharged into the tubule is never 
reabsorbed, we must then try to determine how far the separate sections 
of the renal tubule are concerned in any particular secretory activity. 
This is particularly desirable, in the first instance, for the glomerulus. 
From its highly characteristic structure it is obvious that it has a 

1 Loc, cit, p, 428. 
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fanction to perform which is of a totally different nature to that of the 
remaining parts of the tubule. Is it possible to suppose that the © 
_ glomerulus filters off a limited amount of fluid from the blood and that 

the tubule adds solids or highly concentrated solutions to that filtrate, 
the resulting mixture being the urine? If this were the case then we 
should expect to find a considerable quantity of chloride in the urine 
under all conditions, and more particularly so during a full ‘diuresis. 
But, as we have seen, the urine may frequently be chlorine-free at the 
height of a diuresis. Another possibility is that the glomerular 
epithelium is as much a secretory surface as the cell-lining of the 
tubules. If this is the case how does its activity differ from that of the 
rest of the tubule? In studying this last possibility there is an 
abundance of evidence to prove that the fluid issuing from Bowman’s 
capsule comprises the main mass of the water excreted in the urine. 
We need only refer to Hei denhain’s experiments with indigo-carmine, 
or to the cessation of flow of urine which follows ligature of the renal 
arteries in frogs. There is also much evidence to the same effect to be 
gathered from the results obtained by one of us (W.C.C.)! during the 
artificial perfusion of the frog’s kidney. The next point to decide is 
whether this fluid is a secretion from the glomerulus or merely a filtrate. 
As soon as we exclude the possibility of very extensive reabsorption we 
already possess abundant evidence enabling us to decide between these 
two possibilities. As the main mass of the water of the urine comes 
from the glomerulus, it follows that the more copious the secretion of 
urine in any experiment may be, the nearer it must approach in 
constitution to the fluid discharged from the glomerulus. In a very 
abundant diuresis it.is well known that the composition of the urine 
differs most markedly from the saline composition of the blood plasma. 
In the recorded instances in which the flow has been the most abundant 
of all, %¢. in diuresis following the drinking of very large amounts of 
water, the urine secreted was much less concentrated than the blood 
(Dreser and others). Again, in the copious diuresis following injections 
of saline diuretics, eg. in the experiments recorded in this paper, the 
concentration of the salt employed to produce the diuresis is much 
higher than its concentration in the blood serum. More important still, 
in the same experiments the concentration of the chloride sooner or 
later falls to zero, while the diuresis may still be at its height. For 
these reasons therefore, we conclude that the glomernlar epithelium is 


1 See the paper which follows this in the present number of the Journal. 
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an actively secreting surface, that it secretes water or salt in proportion 
to the excess in which it may be present-at any given time, and at the 
same time holds back those salts which are only present in the proper 
amounts, 

Hence we offer the following explanation of the results we have so 
far obtained. The diuresis following the injection of a salt is a true 
secretory process in which certainly the glomerulus, and probably the 
tubule cell as well, is involved. In the next place, both these groups of 
cells are stimulated to a greater activity if they are made to work 
against a hydrostatic pressure, provided that pressure be not too great. 
After a time, which is shorter the higher the pressure in the 
ureter, this stimulant effect wears off, and then the kidney working 
against a pressure produces a smaller volume and a smaller total 
quantity of excretory product than the opposite free kidney. This 
second stage may be present from the start if the pressure against 
which the cells are set to work be too high, or if the excitability of the 
cells has been diminished by some injurious influence, such for instance 
as an anesthetic. It may be that the renal cells of certain animals 
(possibly this is the case for the rabbit) are not able to react in this 
manner. The fact that sooner or later the cells excited by being 
compelled to work against a pressure perform less work than the 
unexcited cells, is of the nature of a fatigue effect. We have evidence 
in the course of our experiments that the cells of different individual 

animals of the same species show variations as regards the height of 
pressure which excites them to secrete more powerfully. In all the 
instances we have studied the stimulation effected by a low pressure 
_ (10 cms. of water) is more effective in this respect than that caused by 
a higher pressure (20, 25, or 30 cms. of water). 

Until we know more of the mechanism of excretion of salts by the 
tubule we cannot determine whether the chief cells secreting the salt 
are those of the convoluted tubule or whether the glomerular epithelium 
plays the more important part, but there is one means by which we can 
test whether the former cells react to a stimulus of this nature by 
secreting more freely. This consists in studying the diuresis caused by 
phloridzin under conditions similar to those described in this paper. 
Schwarz? has already performed an experiment of this type upon the 
dog, and we can entirely confirm his result, as is seen in the following 


experiment. 


1 Loe. cit. p. 288. 


{ 
4 
a 
4 


248 T. G@. BRODIE AND W. 0. CULLIS. 


Exe. 6. Male dog. Weight, 7°75 kilos. Operation as in the preceding experiments. 
The lett kidney was made to secrete against a pressure of 10 ems, of water throughout the 
whole experiment. 

12.00. Injection of 0°1 gr. phloridzin. | 
12.18. Injection of 0-1 gr. phloridzin. 
12.80. Urine begins to flow from both cannula. The lett ureter connected tothe 
1. pressure apparatus. 
12.45. Urine from right kidney, 261 grs. From left, 3-03 gre. Inject 0-1 gr. 
by | 
1.00. Urine from right kidney, 1°56 gre. From left, 2°14 grs. 
Weight of BR. kidney=21°1 grs. 
” L. ” = 22°83 gra. 


The analysis of the urines gave the following results :— 


Urine in grams | % Total 
R. L. R. L. 
2°61 3°03 608 5°80. 0-157 0-176 
1:56 2°14 8°30 8°20 0-154 0-176 


Urine Dextrose 
I. 116 118 
Il. 187 114 


In both the two periods of the experiment the volume of urine 
_ secreted was greater on the pressure side than on the other. In the 
second place, while the percentage of dextrose on that side is less than 
on the open side the total amount secreted :is in both instances higher. 
. thas been proved’ that phloridzin acts upon the cells of the tubule and 
not upon the glomerulus, and that the increased flow of water in 
phloridzin diuresis is probably from the tubule cell and not from the 
glomerulus. Further evidence leading to this conclusion is also given 
in the accompanying paper by one of us (W.C.C.)*. Thus the whole 
process is therefore a secretory one. Hence from the experiment 
detailed above it follows that the secretory activity of the cell of the 
convoluted tubule is increased by making it work against a small 
resistance, It is very important to note that the cell reacts to this 
stimulant effect not only by increasing the output of water but also 
by an increased production’ of dextrose. This result therefore is of 

* See the paper by Pavy, Brodie and Siau, this Journal, xxx. p. 467. 1903, where 
the literature is given. 

* This Journal, xxxrv. p. 250. 1906, 
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value as giving additional support to the conclusions we draw as to the 
nature of saline dinresis and the manner in which the secretory cells 
react to a pressure stimulus. 


IV. Summary. 


In dogs which had been killed by destroying the brain above the 
medulla the following results were obtained in experiments in which 
sodium sulphate was employed to produce diuresis. 

a. The volume of urine secreted by a kidney working against a 
small ureter pressure was commonly greater than that secreted by the 
opposite kidney. 

6. The total quantity of sulphate secreted by the obstructed side 
usually exceeded that secreted by the opposite side. 

c. The small ureter pressure employed in these observations did 
not lead to any change in the rate of blood flow through the organ. | 

The following results were obtained in an experiment with phloridzin 
conducted under similar conditions. 

a. The total volume of urine secreted was greater on the pressure 
side. 

b. The total amount of reducing sugar secreted was also greater on 
the obstructed side than on the opposite. 

Hence :— 

I. These results negative Ludwig’s theory of the ‘mode of action 
of the kidney. 

II. They show that the glomerulus will secrete more water and 
probably more salt when its activity is opposed by a small ureter 
pressure. 

III. They indicate that the tubule cells secrete more salt when 
‘opposed by a small ureter pressure. 

IV. They prove that when excited by phloridsin, the tubule cells 
secrete more dextrose on the side working against a small resistance. 
Probably they also secrete more water under the same influences. 

V. A small ureter pressure may be regarded as an excitant to the 
epithelial cells both of the glomeruli and of the tubules. 

VI. They prove that a saline diuretic causes a greater flow of 
urine by exciting greater secretory activity, as opposed to the view that 
it works solely by causing changes in the blood and blood flow. 


(Part of the expenses of this Research have been defrayed by a Grant from the 
Government Grant Committee of the Royal Society.) 
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ON SECRETION IN THE FROG'S KIDNEY. By 
WINIFRED C. CULLIS, Lecturer on Physiology, London 
School of Medicine for Women. 


(From the Laboratory of the Landon Scho of 
Medicine for Women.) 


A CRITICAL examination of the papers in which Nussbaum! describes 
the results of his experiments upon amphibian kidneys leads one 
‘most strongly to the view that they are perfectly correct. It was 
unfortunate that the negative results obtained by Adami? resulted in 
throwing considerable doubt upon the essential fact that the glomeruli 
were supplied with blood from the aorta only. .But Beddard® has 
now proved that Nussbaum was correct, and Adami wrong in 
this the main point of the whole series of experiments. It was 
therefore notable that Beddard did: not succeed in confirming the 
complete observation, failing to obtain a secretion on injecting a 
solution of urea into frogs in which all the renal arteries had been 
divided. The suggestion he made, as a result of finding that the 


renal epithelium in his experiments was very considerably damaged, 


viz. that the degeneration of the cells was probably due to the defective 
supply of oxygen after the arterial supply of blood had been cut 
off, appears all the more probable, now that we know from the experi- 
ments of Barcroft and Brodie‘ how large an amount of oxygen the 
kidney absorbs during activity. Dr Brodie therefore suggested, in his 
lectures at the University of London last November, that if the animals 
were kept in an atmosphere of oxygen, under pressure if necessary, the 
renal epithelium might be retained in a normal condition and 
Nussbaum’s experiments receive their complete confirmation. In 
the hands of Bainbridge and Beddard® this conjecture has now 

1 Nussbaum. Phliiger’s Archiv, xvi. p. 189, and xvzt. p. 580. 

? Adami. This Journal, v1. p. 882, 1885. 

Beddard. This Journal, p. 20. 1902. 


BarcroftandBrodie. This Journal, xxxn. p. 18. 1905 and xxxm1. p. 52. 1906. 
5 See Proc. Physiol. Soc. 24 March, 1906, This number of the Journal. © 
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~ proved correct. If there. is any truth whatever in the conception that 


the glomerulus acts as a pressure filter, or even if it is a secreting 
structure aided in its work by those physical factors which favour 
pressure filtration, there is every reason why the glomeruli should be 
supplied one and all from a high pressure blood supply, and every 
reason why not a single one of them should receive blood from the low 
pressure supply of the renal portal vein. 

In addition to the method adopted by Nosshanmi in his experi- 
ments, Dr Brodie suggested yet another possibility of utilising 
Nussbaum’s proof that the glomeruli could not be fed through the 
renal portal vein. This was to apply the principle of artificial perfusion 


. to the frog’s kidney, and, adopting this method, I have performed 


experiments with results which entirely agree with those obtained by 


Nussbaum. 


Fairly large frogs have been chosen for the purpose, and 
preferably males, although females may also be used without much 
increase in the difficulty of the operation. The animals were pithed, 
the abdomen opened by parallel cuts on either side of the mid line, 
care being taken to avoid injury to the anterior abdominal vein. 
Cannulz were next tied in the two ureters and in the anterior abdominal 
vein, and ligatures tied tightly round the two legs, The sternum was 


removed so as to expose the heart. 


The procedure I have adopted has been in two directions, Either 
the heart has been excised at once and the kidneys perfused through 
the anterior abdominal vein, or with the heart still untouched, some of 
the perfusion liquid has been run in, care being taken that the heart 
does not become overdistended. The heart then pumps the blood, 


' diluted with the fluid injected, round the circulation and the aorta is 


seen to become well filled. The excess of fluid in the vessels is 
gradually lost by bleeding from the small veins which have been cut 
during the operation. A second injection of fluid is therefore made as 
soon as the aorta appears but little distended. As all the experiments 
have been conducted upon pithed frogs the blood-pressure before any 
fluid is injected is low. In carrying out the experiment after this plan 
I have usually found it sufficient to run in the injection fluid for about 
15 seconds. In about 3 minutes the filling of the heart has fallen off 
again and it is possible to make a second injection. By thus watching 
the degree of distension of the heart and aorta the experiment may be 
continued for a long time. The method gives a simple and very 
effective plan of studying the action of any particular fluid upon the 
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kidney, while it still retains its complete circulatory mechanism, and — 
when experimenting in this manner the legs need not be ligatured. 
As a second step in the experiment the heart can be excised and the 

_ perfusion through the vein maintained continuously, when it becomes 
possible to decide whether any flow of urine that may have been taking 
place was coming from the glomeruli or from the tubules. A third plan 
which has also been used is to excise the heart at once and tie another 
cannula into the aorta, so that it is now possible to perfuse from the 

_ vein only, from the aorta only, or from both simultaneously. For 
convenience of description I will call a perfusion from the renal portal 
veins only, a venous perfusion, one from the arteries only, an arterial . 
perfusion, and one from both simultaneously, a total perfusion. 


‘ The fluids were perfused from a bottle or a burette provided with a 
Mariotte tube, so that the pressure of perfusion was maintained constant. 
The pressures employed varied from 25 to 40 cms. of water, and 
usually both artery and vein were perfused from the same bottle, 
i.e. at the same pressure. The actual pressure of the liquid within the 

artery or vein must be much less than this while the fluid is flowing 
since the resistance offered by the cannula is considerable on account of 
its narrow lumen, 


The rate of flow of the perfusing fluid through the two kidneys 
averages from 1 to 2 c.c, per minute, though occasionally much more 
rapid rates have been seen. The maximum recorded was one of 6 c.c. 
per minute, The rate of flow with an arterial perfusion only was 
found to be very nearly the same as for a venous perfusion only, the 
same pressure being employed in the two cases. When it has been 
necessary to estimate the rate of flow it has been done in one of two 
ways, The simplest consisted in registering the rate at which the 
solution was leaving the burette. This method is not completely 
accurate, even on a venous perfusion only, because the anastomoses of 
the portal veins with others are very numerous, and though we know 
that most of the fluid is being driven through the kidneys yet some is 
taking other channels, This plan is quite inadmissible when perfusing 
from the aorta, even when the cannula is tied in low down and me 

_ aorta ligatured just above its bifurcation. 


When accuracy was required I have therefore adopted the plan of 
collecting all the fluid issuing from the kidneys by tying a cannula in the : 
inferior vena cava just after its formation from the renal veins. The x 


fluid has then been collected and measured, or it has been made to run 
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| along a bientsenieat tube of known capacity and the time taken to fill 
it recorded by a stop-watch. 

In order to estimate the rate of secretion I adopted the following 
plan. The ureter cannuls were made of glass drawn out to a capillary 
of size small enough to be inserted into the ureter. The one end 
consisted of the small tubing from which they were made (about 5 mm. 
of this was left). The total length of the capillary was from 5 to 7 cms. 
and the last 5 mm. was bent at right angles). This end was tied in the 
ureter and the main length of cannula then lay at right angles to the long 
_ axis of the frog. By placing a piece of white paper under this part the 
movement of the urine along the capillary can be followed accurately. 
To determine its rate two marks were made with ink and the time 
taken to fill the capillary between the two marks was determined by 
a stop-watch. The capacity of the capillary between the two marks 
was determined by filling this space with mercury and then weighing 
the mercury. When the capillary was full it was sucked dry by means 
of a fine capillary tube pushed up beyond the further mark. The 
measurement of the actual volume of fluid thus made cannot be very 
accurate, but for the purposes of these experiments this does not matter. — 
The important point is that in successive measurements with the same 
cannula the results are all strictly comparable with one another. 

The fluid employed for perfusion was Locke’s solution, i.e. Ringer's 
solution thoroughly oxygenated by shaking well with pure oxygen. 
This was diluted until the concentration of the sodium chloride reached 
06°, To this fluid the various substances experimented with were 
added. 

When the kidneys were perfused with simple saline on a venous 
perfusion only, no flow along the ureters occurred in any of the 
experiments. If a venous perfusion was started while the heart was 
still intact a secretion occurred on a number of occasions, The flow 
under these conditions was never very great—much less for instance than 
that seen when a saline diuretic was added to the perfusing liquid. When 
the heart is excised and a total perfusion started the more common 
result is found to be a secretion, and this secretion has frequently been 
copious. In every case when a flow has been observed it never started 
directly the perfusion was commenced. There was always some delay, _ 
usually amounting to several minutes, and when the flow began the 
rate of secretion was at first very slow and gradually worked up to 
a maximum. I could never trace the least connection between the 
rate of flow of the perfusing fluid and the presence or absence of a flow 
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of urine. The rate of flow of the perfusing fluid has not varied very 
much, while on the other hand the urine flow has been extremely 
variable. Moreover there has not been a change in the flow of the 
perfusion fluid accompanying the onset of a secretion with ary 
saline solution. 

In one experiment the effect of varying the perfusion pressure upon 
the rate of flow of the urine was studied, and in this experiment there 
was a good flow of urine on an arterial perfusion only. The following 
dain iti the result upon that flow of lowering the pressure. 


Time taken to fill 
cannula between marks 
2.58. Commence perfusion. Pressure=382 cms 
8.08. 17°4 secs. 
3.04, 16°4 ” 
8.05. Reduce the pressure to 26 cms. 
8.06. 186 ,, 
8.07. 18: 4 ” 
8.08. Reduce the pressure to 20 cms. | 
8.09. ‘ 20°8 ,, 
8.10. 23°6 ,, 
226 ,, 
8.12. 224 ,, 


In this experiment the capacity of the ureter cannula between the 
- marks was 0°002cc. It is seen that a diminution of pressure from 32 
to 26 cms, (18°8 °/,) resulted in a slowing of the rate of flow from 169 to 
18°5 secs. (9°4°/,). A second lowering of the pressure from 26 to 
20 cms. (23'1°/,) caused a slowing in the rate of flow from 18°5 to 
223 secs. (18°9°/,). Thus the general result is that the rate of urine 
flow falls as the perfusion pressure falls but that there is no propor- 
tionality between the two. 


RESULTS OBTAINED WITH THE DIFFERENT DIURETICS USED. 


1. Phloridzin. I have tested this drug in several experiments. 
In all instances it excited a secretion of urine when perfused through 
the vein only. The secretion thus produced persisted for some time 
after changing the phloridzin saline for ordinary saline. The urine 
secreted reduced Fehling’s solution although the phloridzin saline did 
not do so. The results obtained may be best illustrated by quoting 
from an experiment. Thus, in one of these the pressure of perfusion 
was 34 cms, of water and the strength of phloridzin employed was 0°1 °/,. 
This was made by dissolving 0°2 grm. of the drug in 25c.c. of 1°/, 
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sodium carbonate and adding this to 200c.c. of oxygenated saline. The 
heart was excised before the commencement of perfusion. The kidneys 
were first perfused through the vein only with oxygenated saline. No 
flow of urine occurred, although it was watched for 30 minutes. The 
saline was then replaced by the phloridzin solution, when in about 10 
minutes the kidneys began to secrete freely. The rate of secretion was 
_ measured in the manner already described, the capacity of the right 
ureter cannula between marks being about 0:002c.c. and that of the left 
a little greater. The following rates were observed : 


2.15. R. filled in 27 secs. L. in 37 secs. 


2.20. Change to ordinary saline. 
2.25. R. filled in 65 secs. L. in 80 secs, 

2.35. » 140 ,, 


__ At 3 p.m. the flow had completely stopped. At 3.21 the phloridzin 

solution was once more perfused through the vein and the urine began 
to flow almost at once in both cannule. These results are quite typical 
of all those obtained with the drug. In some earlier experiments the 
sample of drug used contained a substance which reduced Fehling’s 
solution. The secretion of urine was then extremely rapid and its 
reducing power very considerable. In this connection it must be noted 
that dextrose when perfused through the vein, only produces a slight 
flow from the kidneys. A control experiment was made to determine 
whether the sodium carbonate used to dissolve the phloridzin played 
any part in the excitation of the flow. A solution containing exactly 
the same amount of this salt was found to have no effect whatever 
whether perfused through the vein or the artery. 

These experiments with phloridzin form an excellent test of the 
value of the method. They prove quite conclusively that the cells of 
the tubule are still living when placed under the conditions of the 
experiments. Thus not only have these cells secreted, but in the process 
they have produced a new substance, the reducing body. They also 
give a further proof of the correctness of the view that phloridzin 
excites the tubule cell directly, and that this cell then forms dextrose, 
! which it discharges into the lumen of the tubule. 


2 Caffeine. This drug was added to the perfusion fluid in the form 
of the caffeine sodium benzoate. As a rule the strength employed was 
01°, The effect is well illustrated by the follwing experiment. 
A male frog was prepared in the usual manner, the heart being left 
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intact. A small amount of saline was first run in through the vein. 
No secretion followed although the experiment was repeated several 
times. The solution was then changed to one containing caffeine 
sodium benzoate (0'1°/,), which was allowed to run in for about 15 secs. 
- Within five minutes a flow of urine commenced on the right side. The 
flow was rather slow but remained quite constant, The heart was then 
completely excised and the venous perfusion maintained the whole time. 
The flow of urine continued and at a distinctly increased pace. After — 
some time the perfusion fluid was changed back again to oxygenated 
saline. The flow of urine continued for 15 minutes longer, becoming 
gradually slower. It then ceased entirely, and though watched for a 
further period of 40 minutes no movement of the fluid in the ureter 
cannula could be detected. 

With the exception of one point this experiment may be considered 
as quite typical of the many experiments in which caffeine has heen 
tested. The point of difference is that in this one instance the flow of 
urine following caffeine became accelerated when the heart was 
excised. A possible explanation of this change of rate is that when the 
venous perfusion was the sole supply of fluid the concentration of 
caffeine reaching the cells was higher. The difference has only been 
observed in this one experiment. : 

The urine secreted under the influence of caffeine contains chlorides. 
_ Ifthe perfusing fluid also contains sulphate or dextrose these substances 
appear in the urine. The same is true if caffeine be added to the 
saline solution in an experiment in which sulphate or dextrose has been 
previously perfused. 

Hence the conclusion is that caffeine produces diuresis in the frog 
by exciting the cells of the tubules directly. It is not possible at 
present to say whether the drug exerts any excitatory effect upon 
the glomeruli, the experiments in which this has been tested not 
proving very satisfactory. A point against the conclusion that any part 
of the caffeine diuresis is due to increased glomerular activity is that if 
the diuresis be established while the heart is intact excision of the 
heart does not lead to a diminution of the rate of the diuresis. Indeed 
in one experiment, as we have seen, the converse was the case. A very 
interesting point in connection with the action of caffeine is that the 
rate of flow of the perfusing fluid is distinctly increased by the drug. 
In some cases it is doubled. This is also usually the case if the 
kidneys be placed on a venous perfusion only. 

If the concentration of the caffeine perfused be too high the drug 
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exerts a poisonous effect upon the tubule cells. Thus in an experiment 


in which the strength of caffeine was increased to 0°5°/, there was no flow 


of urine, although in this experiment with the heart intact and perfusion 


of oxygenated saline only both kidneys had been secreting freely. The 


cells did not recover when the caffeine solution was — by 
oxygenated saline. i 


3. Sodium Sulphate. This salt has been tested in ten experiments 
with concordant results in all. No flow of urine can be started unless 
the arterial circulation be present. The general nature of the response 
of the kidney to this diuretic is well seen in the following experiment. — 

Male frog. Perfusion pressure 20 cms. of water. Strength of the sulphate solution 
used 0°2 °/, of the crystalline salt. Capacity of the left ureter cannula between marks= 


0°002 c.c. Under the column headed rate of flow the time of filling of the cannula between 
these two marks is given in seconds. 


Rate of flow 
8.10 to 8.12. Total perfusion. 24°2 secs, (4)? 
8.14. Change to sulphate solution. 
8.15 to 3.22. ,, (4) 
8.24. Cut out venous perfusion. 
8.25 to 3.28, 232 ,, (3) 
8.29. Change to ordinary saline. 
8.29 to 3.39. (6) 
8.40. Perfuse with sulphate through artery and vein. , 
8.41 to 8.45. 190 ,, (8) 
8.45. - Out out artery. 
3.46. 250 
8.47. 876 ,, 
8.48. 87°6 ,, 
Flow gradually became slower and finally stopped 
altogether at 4.15. 
4.32. Perfuse saline through artery and vein. 
4.48, 1260 ,, 
4.50. 1200 ,, 
4.54, 1280 ,, 
4.57. Put on sulphate saline. 
4.57. 10. 1000 ,, 
4.59. 556 ,, 
5.00. 30. ” 
6.02. 620 ,, 
(6.04, Back to saline. 
5.05. : 1144 ,, 


5.08. 1496 ,, 


1 ‘The number placed in brackets in this position indicates that the time record is the 
average of a number of successive observations. The figure gives the number of these 
observations, 
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The urine secreted during this experiment was collected. It weighed 
0°3388 grm. Estimated by the Volhard process it was found to contain 
0°501 °/, NaCl, whilst the perfusing fluid contained 0°674°/, NaCl. The 
urine also contained abundance of sulphate. 

In the first place, it is to be noticed that these kidneys when perfused 
with ordinary oxygenated saline through both artery and vein may often 
secrete fluid at a fast rate. Probably we are not here dealing with a 
mere exudation or filtration, the gradual manner in which the flow 
becomes established being entirely against such a view. Thus at the 
commencement of an experiment the secretion does not start at once. 
There is.always some delay, which seems to vary with the time which 
elapses between the stoppage of the normal circulation and the com- 
mencement of the perfusion. In the experiment described above this 
time was barely 2 minutes. Under such conditions the secretion only 
begins after a few’ minutes, is at first very slow, and then gradually, in 
about 5 or 7 minutes, works up to a maximum. If there has been a 
prolonged interval since the glomeruli were last fed with oxygenated 
solution the time before the secretion starts is always much longer and 
the rate of flow of urine is slower. Thus iu the above experiment the 
glomeruli were cut out of circulation at 3.45. At 4.32, nearly an hour 
later, saline was perfused through them again. No attempt at secretion - 
was made for 5 minutes, and when it appeared it was at first extremely 
slow and it was only at 4.48 that the measurement of the rate of flow 
could be attempted. The whole phenomenon appears to be due to the 
asphyxiation of the glomerular epithelium, and some experiments are in 
progress in which the results following deprivation of oxygen are being 
studied. As already mentioned, when ordinary saline is perfused through 
the vein, the heart being kept intact, the rate of secretion is never very 
great. In no case has it been in any way comparable to that seen in 
the experiment just detailed, The difference between the two is that 
in the latter case the glomeruli are being supplied wid the heart with a 
mixture of blood and saline. Taking all these points into consideration 
I think it is probable that simple oxygenated saline stimulates the 
glomerular epithelium, i.e., it acts as a diuretic. 

The experiment described above brings out several points which are 
quite characteristic of the response of the kidney to saline diuretics. 
In the first place it is seen that if the urine flow is at all rapid when 
the perfusion fluid is saline only the addition of sulphate does not lead 
to any notable increase in the rate of flow. In some cases it has even 
been found to be slightly less rapid. On the other hand, if the flow of 
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urine has been slow or absent while perfusing with saline, as soon as 
sulphate is added to the perfusing fluid the rate of flow of urine becomes 
very markedly increased, and: within 2 to 4 minutes may be very 
considerable. This point is illustrated in the later part of the above 
experiment, that commencing at 4,48, 

In the next place it is seen that cutting out the venous perfusion 
makes practically no difference in the rate of secretion, even when the 
diuresis is at its height, and this is strongly against the idea that 
reabsorption plays any part in the secretory activity of the kidney in 
sulphate diuresis, Cutting out the.arterial flow on the other hand soon 
leads to a great diminution in the rate of secretion, which gets slower 
and slower and finally stops. | 

The experiments with sulphate show that the salt acts as a specific 
stimulant to the glomerular epithelium; and in arriving at this con- 
clusion the fact that the concentration of chloride in the urine secreted 
under the influence of sulphate (see the data given at the end of the 
protocol) is distinctly less than its concentration in the perfusing fluid is 
of great importance. The next point that arises is whether the tubule 
cells are also concerned in the secretion of the sulphate. If the kidneys 
are perfused from the start through the vein only I have never seen the 
least attempt at secretion when the perfusing saline is changed to one 
containing sulphate. I do not think, however, that it necessarily follows 
that the tubule does not secrete sulphate, even though as in one 
experiment perfusion through the vein was continued for more than 
two and a half hours without the slightest movement of the urine in 
the ureter cannula. Against this conclusion is the behaviour of the 
gland when the arterial flow is cut out at the height of the diuresis 
caused by sulphate. Here the flow of urine continues for several 
minutes, getting, however, slower and slower and finally stopping. A 
further point is that if sulphate be added to a cafféine solution 
employed to excite diuresis on a venous flow a very large amount of 
sulphate is excreted in the urine. It was not possible to estimate the 
concentration of the sulphate excreted under these conditions, but 
judging from the amount of precipitate given on adding barium chloride 
to the urine in comparison with that given by the perfusing fluid, I do 
not think there is any question that the concentration was several times 
greater than in the saline. A similar result was obtained when urea 
was employed to produce the diuresis instead of caffeine. 

The addition of sulphate to the saline used for the perfusion does 
not lead to a greater flow of the perfusion fluid. | ! 
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The lowest concentration of sulphate I have hitherto employed was 
one of 0°2°/, of the crystals. This was quite effective, as also was one 
as strong as 0°5°/,. That perfusion with as strong a solution as the 
latter even for more than two hours did not damage the tubule cells 
was proved by subsequently perfusing the same kidneys with caffeine — 
solution. The secretion then followed a perfectly typical course. If too 
strong a solution (3 */,) be sent through the vein the tubule cells are 
easily damaged, as is shown by the fact that neither urea nor caffeine 
can subsequently excite a flow of urine. 


The phenomena are somewhat different if sulphate saline be sent 
through the vein while the heart and arteries are still intact. On more 
than one occasion in such experiments the secretion of urine has 
stopped instantaneously when the heart was excised. I am unable to 
offer an explanation of this unless it may be that the concentration of 
the sulphate was too low to be an effective stimulus to the tubule cells. 


_In a few experiments with sulphate an attempt was made to obtain 
a perfusion fluid more nearly approximating to the normal blood by 
- using rabbit’s or cat’s blood diluted tenfold. The experiments with 
this fluid were, however, less successful than those with Locke’s 
oxygenated saline. 


4. Sodium Chloride. This salt excites a flow under the conditions 
of these experiments if the arterial circulation be intact. No flow 
whatever occurs if there is a venous flow only, even though the 
concentration of the chlorides be increased considerably. This is 
illustrated by the following experiment. While the heart was still 
intact a saline solution, to which a further amount of sodium chloride to 
the extent of 0°4°/, had been added, was run in through the vein. This 
mixed in the-heart with the blood of the animal. A free flow of urine 
occurred from the left kidney. The aorte were now cut across and the 
auricles laid widely open. The flow of urine continued quite fast for 
about half a minute, then stopped altogether. Later, in order to 
determine whether the tubule cells were still capable of working, the 
solution was changed to oxygenated saline containing urea. Within a 
few minutes a vigorous secretion started. 


If, in the preliminary part of such an experiment, too pr a solution 
of chloride be employed no secretion is produced at all. Moreover the — 
cells of the tubules have been damaged since they are no longer able 
to react either to urea or to caffeine. 
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5. Sodium Nitrate. The results obtained were entirely analogous to 
those following the perfusion of sodium sulphate, though the flow of 
urine during perfusion of the nitrate was not so free as that following 
the former salt. In one experiment there was evidence of a very 
slight flow of urine on a venous perfusion only. The tubule cells are 
very easily damaged by employing too concentrated a solution. 

The results obtained with nitrate first suggested the possibility that 
though the flow of urine may stop when the glomeruli are cut out 
secretion may still continue for a time through the tubules, thus leading 
to the accumulation of a concentrated solution in the tubule which 
then stops further secretion. Thus, to take an example, in an experi- 
ment in which the heart was cut out at the beginning, perfusion of the — 
nitrate solution led to a very slight flow of urine on the right side. On 
changing to oxygenated saline the flow of urine became much 
accelerated, although usually no secretion of urine is obtained by 
perfusing simple saline through the renal portal vein alone. After 
some minutes the flow ceased. The left kidney also suddenly began to 
secrete after being put on the saline, this flow also lasting for a short 
time only, 

The rate of flow of the perfusing fluid was also much increased on 
changing from the nitrate to the simple saline solution. 


6. Sodium Phosphate. Taken generally the results obtained with 
this salt are similar to those following perfusion of sulphate or nitrate. 
The following protocol gives the result of a typical experiment. 

Male frog. Cannulm inserted in the ureters, anterior abdominal vein and aorta. The 
rate of flow of urine from the right ureter recorded. Capacity of cannula between marks 
0°004 c.c. The strength of the phosphate solution perfused was 0:1 °,. 


Time taken to 
fill cannula 
Arterial perfusion. Oxygenated saline. secs. 
Phosphate saline. ,, 
” 150 ” 
” Oxygenated saline. 81:4 ” 
9? 99 ” 
Venous perfusion. 90°0 


The flow then stopped. After 30 minutes no movement of the urine had occurred. 
Perfusion through the arteries was then started and within 2 minutes the urine began to 
flow once more. 


The urine secreted throughout the whole experiment contained 
. phosphate. In all experiments the rate of flow ane the organs was 
markedly increased by the salt. 
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Hence phosphates are excreted in the same manner as sulphates. 
They excite the glomeruli to greater activity and in all probability are 
also secreted by the tubule cells. 


7. Deatrose. Perfusion with saline containing dextrose produces 
effects which only differ from those seen with sulphate in one particular. — 
This is that on a venous perfusion alone the kidney will secrete. The 
flow is very slow, it is true, and there is a long delay before it makes its 
appearance. Moreover, the strength of dextrose used must be fairly 
high, e.g. 0°4°/, This strength does not damage the cells since they will 
secrete with caffeine subsequently. 

It is not necessary to quote a protocol in detail as the general course 
of the experiment is very like that given under sodium sulphate. A 
0'1°/, solution of dextrose will excite a flow of urine on an arterial 
perfusion if no flow has been present before. Or, it will increase the 
rate of flow if this has been slow on a saline perfusion. Changing from 
a total perfusion to an arterial only, is followed by a small decrease in 
rate of urine flow. Change from a total perfusion to a venous one only | 
is followed by a great diminution in the rate of secretion. This gets 
gradually slower and if the strength of dextrose employed be weak may 
stop altogether. Judging from the intensity of the reducing power of 
the urine as compared to that of the perfusion fluid I do not think there 
is the least doubt that the concentration of the urine is much higher 
than that of the perfusion fluid, but at present I have not been able to 
determine this quantitatively. 


As previously stated addition of 0°1°/, dextrose to a weak solution of 
phloridzin leads to a very rapid secretion of urine on a venous perfusion 
only, the flow often reaching rates comparable to those seen during an 
arterial perfusion. 


8. Urea. The study of the response of the kidney to injections of 
urea stands first in importance. The experiments I have performed 
with it may be divided into two groups, the first dealing with the 
results following injection of dilute urea solutions (0°1 to 0°4°%/,), the 
second with stronger solutions (up to 4°/,). As a typical instance of 
the effect following the perfusion of a 0°1°/, solution we may take the 
following protocol. 
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Ds Capacity of cannula between marks 0-003 o.c. 


11.30. Commence perfusion with oxygenated saline, both 

artery and vein. 
11.40. Very slow flow of urine. . 
11.49. Change to urea saline, 


11.55. Flow of urine has gradually increased. 249 secs. 
12.00. 125 ,, 
12.06. 122 ,, 
12.10.’ Change to saline. 
12.11. 102 ,, 
12.18. 
12.15. 104 ,, 
12.22. 
12.28. 7 . 
12.32. 74 ,, 
12.85. 
12.40. Change to urea saline. 
12.41. 65 ,, 
12.43. 50 ,, 
12.47. 
12.52. 56, 
12.53. Cut out arterial perfusion. 
12.57. Secretion very slow but continuous. 815 ,, 
1,15. 630 
1.26. 570 ,, 
1.37. Change to saline. 
1.38. 877 ,, 
8.00. Arterial perfusion put on again. 228 
8.04. 64 ,, 
3.07. 55, 
3.15. 56, 
8.17. 43 ,, 
8.18. Change to urea solution. 40 ,, 
8.19. 2 
8.22, 
8.23. 22 
8.24. Change to saline. : 
8.25. 
8.26. 23 ” 
3.29. 
8.30. % ,, 
An examination of this experiment brings out the following points, 


which may be considered typical for a urea experiment. First, that 
with an arterial perfusion the addition of urea leads to a secretion of 
urine, or if there has already been a flow of urine it results in a marked 
increase in the rate of that flow. In the next place cutting off the urea 
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while the arterial perfusion is still kept up may not lead to a decrease 
in the rate of urine flow, indeed in the first. part of the above experi- 
ment it led to an increase, though sooner or later the flow falls off. 
- Putting the kidney from a total perfusion to a venous one causes a 
great fall in the rate of secretion but does not lead to its cessation, even 
if the experiment be continued for more than 2 hours. In extension of 
this result I have found that if from the start of the perfusion the 
__ kidney is supplied with fluid from the renal portal vein only there is 
invariably a secretion. With weak urea solutions it is always very slow, 
but it has never failed. It is a very noteworthy fact that Nussbaum 
failed to observe any secretion of urine in frogs in which the arteries 
were ligatured unless urea was injected. Apparently then urea in 
concentrations in the blood only slightly exceeding the normal does not 
result in a sufficient secretion of water to cause a flow from the ureter. 
In some experiments carried out in conjunction with Drs Barcroft, 
_ Brodie, and Hamill we have evidence that the tubule cells are excited 
to greater activity when a dilute urea solution is perfused through the 
vein, even though the rate of flow along the ureter may be very slow. 
That the tubules are secreting substance into the lumen also appears 
_ certain from the fact that if the kidney be very gently massaged during 
a venous perfusion only, a much greater yield of fluid is obtained from 
the ureter, whereas a kidney which has been perfused from the start 
with saline only does not yield any secretion on being treated in the 
same way. Apparently the tubule cells when stimulated by urea 
continue to secrete into the lumen, but as there is no flow of water 
along the tube the secretion remains for the main part within the 
lumen, 

Hence these experiments upon the frog’s kidney prove that both 
glomerulus and tubule are concerned in the elimination of urea. We 
cannot decide as to the relative importance of these two until we are 
able to determine the amounts of urea excreted quantitatively. It is 
obvious from the general course of the experiments that the secretion of 
urea is effected in a manner very similar to that followed in the case of 
the saline diuretics. The essential point of difference is that with urea 
_@ secretion, though small in amount, is invariably formed when the 
kidney is perfused through the vein only. 

When strong solutions of urea are perfused the main difference 
_ observed has been that on a venous perfusion only a very copious flow 
of urine occurs. The flow stops after a time if the solution be changed 
to ordinary saline. It is not possible at present to state that this flow 
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from the ureter is a true secretion, though it is clear from the subsequent _ 
behaviour of the kidney that the tubule cells ‘have not been killed by | 
the contact with the concentrated solution (2 to 4°/,). : 


Before applying the results obtained in these experiments to any 
explanation of the mode of action of the normal kidney it is important 
to consider what evidence there is that the kidney cells under the 

_ conditions of these experiments are still living and capable of per- 
forming their functions. In the case of the tubule cells this is 
clearly shown by their response to specific stimulants, such as urea, 
caffeine, and especially phloridzin. As to the glomerular epithelium, 
the behaviour of these cells under the influence of saline and other 
diuretics gives evidence that they are at any rate capable of dis-— 
playing very varying degrees of activity. The difference in chlorine 
content of the perfusing fluid and of the kidney secretion in one of the 
experiments quoted (see p. 257) is also strong evidence that the 
cells of the glomeruli are still active. Another method of testing 
this point would be to compare the behaviour of the kidney cells under 

_ the conditions of these experiments with that shown by them when the 
kidney is fed with deoxygenated saline, and experiments of this nature 
are in progress. : 

: The method might very probably be improved by finding some fluid 

more closely approximating to the normal blood, but unfortunately the — 
experiments with dilute defibrinated mammalian blood were not — 
successful. 

The advantages of the method are that it is extremely simple and 
can easily be adapted to quantitative determinations, and that the 
activity of the cells is tested so soon after their removal from normal 
conditions. | | 

In considering the mode of production of the urine, it will be seen 
that the facts observed in these experiments cannot be explained upon 
the filtration-reabsorption theory. Against the view that the glomerulus 
acts merely as a filter, are the following observations: The slow onset 
of the secretion when the organ is fed with saline solution. The ready 
response of the kidney glomerular epithelium to slight changes in the 
composition of the perfusion fluid, as shown by a marked increase in the 
rate of flow of the secretion often unaccompanied by any alteration in 
the flow of the perfusing fluid. The absence of proportionality between — 
the rate of secretion and the pressure of perfusion. And finally the 
evidence of the experiment given on p. 257. Here there is a marked 
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_ difference between the composition of the kidney secretion and that of 
the perfusing fluid, the former having a lower concentration of chlorine 
than the latter. This being the case it must mean either that the 
composition of the fluid passed through the glomerular epithelium was 
different from that supplied to it, or that reabsorption was taking place 
within the tubules. If the latter had been the case, cutting off the 
supply of perfusing fluid through the portal vein ought to have led to 
an increased flow of secretion. But this was not so, The only change 
was in the direction of diminution of the volume. Hence it appears 
from this and other experiments that reabsorption does not take place 
to any great extent in the tubules, and that the passage of fluid through 
the glomerulus is a secretory process and not simply one of filtration. _ 

There is no doubt that under all ordinary conditions the water of 
the urine comes almost entirely from the glomerulus, the cessation of 
urinary flow on cutting off the glomerular circulatory flow showing this 
quite conclusively. ‘Apparently, however, the tubule cells can secrete 
water under a sufficiently strong stimulus, as in the experiments with 
urea and phloridzin, where at times a considerable flow of urine was 
obtained on a venous perfusion only. 

With regard to the salts, the main source for them again seems to be 
through the glomerulus, although it is to be noticed that they can be 
excreted by the tubule cells, The salts themselves cannot excite a flow 
of urine from these cells, possibly because in secreting them the cell 
does not discharge much water with them. When saline diuretics are 
given together with urea or caffeine they are present in quite consider- 
able amount in the secretion produced under these conditions on a 
venous flow only. It is not possible at present to state which. path, 
glomerular or tubular, plays the greater part in the excretion of a 


_ saline diuretic. The important point to emphasise at present seems to | 


be that the tubules undoubtedly do participate in their excretion. 

Hence as a general conclusion we may state that the production of 
urine both from the glomeruli and from the tubules is a true secretory 
process, the results obtained indicating that the glomerulus does not act 
as a filter and that reabsorption does not occur extensively within the 
tubule. 


In conclusion, it is a great pleasure to me to acknowledge my 
indebtedness to Dr Brodie for the suggestion of this piece of work, 
and to offer him my sincere thanks for the help and advice he has 
given me throughout. 
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THE REGENERATION OF POST-GANGLIONIC VASO- 
‘CONSTRICTOR NERVES. PART I. By BASIL 
KILVINGTON anp W. A. OSBORNE. (Nine Figures in 
Text.) 


(From the Laboratory, of Melbourne.) 


Object of the ressrok. It has been shown by Langley and Anderson! : 
that “when the central end of a limb-nerve has an opportunity of 
joining with two peripheral nerves, stimulation of one peripheral nerve, 
after complete severance of the conjoined nerves from the central 
nervous system, may cause contraction of the muscles innervated by the 
other.” This phenomenon was also- noted independently by Kilving- 
ton* who made the further observation that in such cases the sum of — 
the nerve fibres present in the peripheral nerve trunks exceeded the 
number of nerve fibres present in the central or parent trunk. If we 
deny the existence of aufogenetic regeneration, this condition may be 
satisfactorily explained by assuming that each efferent somatic axis 
cylinder in the central stump is capable of dividing into at least two 
branches, and that these branches can persist, if for each there is present 
a proper path or chemiotactic scaffolding, produced by a degenerated 
efferent somatic fibre. If we accept the autogenetic theory, we must 
assume that two axis cylinders, developed peripherally and indepen- 
dently, can unite with one axis cylinder in the central stump, or can 
unite to form a new but single axis cylinder, which probably makes 


- connection with a spinal efferent somatic nerve fibre. It is obvious 


that the former explanation is th. «..cre intelligible of the two. This 
experiment, however, though it may be cited as an argument against 
the autogenetic theory does not, of course, constitute an actual disproof. 
When, therefore, we use the terms axon splitting or awon bifurcation we 
are simply using a convenient method of expression, and not thereby 
implying that we regard the autogenetic theory as disproved and 
untenable. 

1 This Journal, xxxt. p. 365, 1904. 

2 Brit. Med. J., April 29, 1905. 
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This first paper gives the results of experiments which were 
undertaken to find out whether the axon bifurcation which has been 
proved for somatic efferent fibres can occur also with post-ganglionic 
and particularly vaso-constrictor fibres. 


Methods. In these experiments the popliteal nerves of the dog were 
employed. The point of division of the sciatic in this animal is some- — 
what variable. A high bifurcation renders the operation easier, but in 
any case the two strands representing the two nerves are separable for 
some distance in the sciatic trunk. — 

A longitudinal incision was made in the anewsthetised animal in the 
lower third of the posterior aspect of the thigh. After the skin and 
fascia had been’ divided, the interval between the inner and outer 
hamstring muscles was opened, thus exposing the division of the sciatic — 
into the two popliteal nerves. The operation was frequently rendered 
somewhat difficult by the presence of lymphatic glands and masses of 
fat, which were always removed, and by venous plexuses which, though 
embarrassing, could generally be displaced without injury. The nerves 
were divided with as little manipulation as possible, and the subsequent 
suturing was carried out with chromacised cat-gut. This suture 
- material has given very good results in other experiments, besides those 
about to be mentioned; it is absorbable, and so does not give rise to 
much scar tissue, but yet holds the sutured ends sufficiently long 
together to allow a firm union to take place. 

Strict aseptic precautions were taken throughout. If the wound 
did not heal by first intention, the animal was discarded. In the small 
nerves of the dog it was found impossible to approximate the nerve 
trunks by sutures taking hold of the sheath alone. A single suture was 
passed right through the nerve substance by means of a very small 
intestinal needle. The edges of the skin wound were brought into 
apposition by interrupted silkworm-gut sutures, and no further dressing 
than powdering with boracic acid was employed. 

When sufficient time had elapsed to allow vaso-constrictor regenera- 
tion to take place’, the animal was anzsthetised with chloroform-ether 
mixture preceded by a morphia injection: blood-pressure was taken 
from the carotid in the usual manner : the trachea was cannulised, and 
connected through an anwsthetic bottle with an artificial respiration 
apparatus : curare (5—10 ccs. of a 1°/, solution) was injected into the 


1 The time required for regeneration of ee 
further communication by us. 
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external jugular vein: both vagi were cut. Two indiarubber bags 
filled with warm water were placed on opposite sides of the animal, and 
held in position by a binder. An incision was made in the position of 
the original operation, and the nerves were carefully, but. completely 
freed from all adventitious tissue; it could then be seen whether the 
regenerated nerves had made any abnormal connections. It may at 
once be stated that, in the experiments given, no accidental or unlooked- 
for union had taken place. The limb in question was then placed in 
_ a glass plethysmograph which was made water-tight by a rubber — 
collar coming in contact with the vaselined hair of the leg, was filled 
with warm saline, and connected with a simple recording tambour. 
Stimulation was effected by the faradic current obtained from a 
Harvard inductorium, the constant current being supplied by a thermo- 
electric battery. A position. of the secondary coil which would give a 
good result was first found experimentally, and this position was 
retained throughout the stimulations. The electrodes were well 
shielded by vulcanite, and care was always taken to prevent escape of 


current. | 
§ 5 
FS 
EP iP 
P- 
Fig. 1, Exp. 1. cane Fig. 2, Exp. 2. Fig. 3, Exp. 3. 


_ Eaperimental. Exp.1. The primary operation was performed on 
September 3rd, 1904. About three-fifths of an inch of the external 
popliteal on the left side was excised. Two notches were then cut in 
suitable positions in the internal popliteal, each extending through 
about one-third of the fibres in this trunk. The stumps of the 
external popliteal were then fixed, each by a single suture, in these 
notches (Fig. 1). 
| 18—2 
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_ On December 20th, 1904, it was noticed that the function was 
apparently perfect ; there was no wasting of the muscles on the operated 


side, and the animal could stand on its hind legs, or run about without 


going over on the dorsum of the affected foot. 

On July 10th, 1905, or 310 days after the primary operation, 
stimulation experiments were conducted. 

The sciatic was cut across at S (Fig. » and the internal Smeg 
at P. 


Fig. 4. 


Stimulation of the distal sciatic at S produced a constriction of the 
limb (Fig. 4). 


Stimulation of the proximal internal popliteal at J produced no 


result. 

This is particularly interesting, as it was shown by Kilvington' 
that in the uncurarised animal, the motor response produced by 
stimulating at I was very marked, in fact it was much greater than 
that produced by stimulating the upper HP segment. This fact was 
taken as proof that more somatic efferent axons entered the distal EP 
by splitting of axons in JP sein by regeneration of fibres from the 
proximal EP. 


Exp.2. On November 6th, 1904, a young dog was operated on, and 


about three-fifths of an inch of the external popliteal excised. A notch 
was then cut in the internal popliteal in depth about one-third of the 
diameter of the nerve. Into this notch the peripheral end of the 
external popliteal was sutured (Fig. 2). On December 2lst, 1904, 
function was apparently perfect; the dog ran and jumped without 
going over on the dorsum of the foot: the calf muscles, ainda were 
a little thinner on the affected side. 

1 Brit. Med. J., Sept. 16, 1905. 
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On July 17th, 1905, or 253 days after the primary operation, the 
dog was anssthetised, and stimulation experiments were performed. 
_ The sciatic was cut at S, and the external popliteal at e. 

Stimulation of the distal sciatic at S gave a well-marked constriction 
of the limb (Fig. 5). 


Fig. 5. sii Fig. 6. 


Stimulation of the distal external popliteal at P gave also a well- 
marked constriction but not so pronounced as with the sciatic (Fig. 6). 
Stimulation of proximal external popliteal at # gave no effect. A second 
stimulation of sciatic gave the same result as before. An examination 
of the tracings (Figs. 5 and 6) will show that a fall of the lever as little 
as one-tenth that given by sciatic (ve. internal popliteal) stimulation 
would be noticeable. We conclude that in this case also axon 


bifurcation was absent. 


Exp. 3. On August 2nd, 1905, a dog was operated on, and about 
seven-eighths of an inch of the external popliteal was excised. The 
internal popliteal was cut across at about the same level as the distal 
stump of the external. To the central stump of the internal were — 
sutured both the distal stumps of the external and internal popliteals 


(Fig. 3). 


On March 21st, 1906, function was noted to be very good. The 
animal scratched with the affected foot without any awkwardness and — 
the muscles of both hind legs were about the same bulk. 

On the same date, March 21st, 1906, or 231 days after the primary 
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operation, stimulation experiments were performed. The sciatic was cut 
at S and the external popliteal at e. 

Stimulation of the internal popliteal at JP gave a well-marked 
constriction of the limb (Fig. 7). iaute 


Fig. 7. ; 
Stimulation of the distal external popliteal at P gave also a well- 
marked constriction but not so great as that given by JP stimulation 


(Fig. 8). 


| Fig. 8. 
Stimulation of the external popliteal at 2 gave no result. — 
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These different stimulations were repeated several times but they 
always produced the same effect. A specimen of the negative result 
obtained by stimulation of -the proximal external — at £ is 
given in Fig. 9, 


| Fig. 9. 


Again it may be observed that a fall of the lever only a small 
fraction of that following J P stimulation could be noticed. 

It may also be observed that it was in this form of nerve-grafting 
that Langley and Anderson and Kilvington’ first demonstrated 
axon splitting of efferent somatic fibres. 


Remarks. It would be premature to discuss the full importance of 
these results until further work on the regeneration of post-ganglionic 
nerves has been undertaken and completed. Our experiments however 
suggest the possibility that regeneration of post-ganglionic nerves may 
pursue a different course from that which takes place with efferent 
somatic fibres. The longer period of time required for vaso-constrictor re- 
generation also points to the same possibility. Siuce no axon bifurcation 
has been detected with vaso-constrictor fibres it is obvious that (ceteris 
partbus) regeneration may be explained equally well by the autogenetic 
or by the centrifugal theory, whereas the latter theory gives a more 
intelligible explanation of the bifurcation of efferent somatics. 

Our experiments have also this practical application in that they 
demonstrate that when a sound nerve is allowed to regenerate along two 


1 loc. cit. 
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paths, or when a degenerated peripheral nerve is grafted into a sound 
nerve properly notched, vaso-constrictor regeneration takes place me 
allows proper vaso-constrictor co-ordination. | | 


4 


CONCLUSIONS. 


1. When the central end of a limb-nerve is sutured to the ends 
of two peripheral nerves, vaso-constrictor fibres can be detected in 
both peripheral nerves when sufficient time is allowed for regeneration 
to take place. 


2. When the central end of a limb-nerve, or a portion of the 
fibres of such a nerve, is given an opportunity of regenerating along 
two paths (either two peripheral degenerated nerves or one separate 
peripheral degenerated nerve and some degenerated strands of the 
same nerve) no axon bifurcation of vaso-constrictor fibres takes place. 
In each of the types of nerve-grafting used such bifurcation had already 
been noticed with efferent somatic fibres. 


The expenses of this research have been defrayed by a grant to one 
of us (W. A. 0.) from the Government Grant Committee of the Royal 
Society. 
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THE POST-MORTEM FLOW OF LYMPH. 
By F. A. BAINBRIDGE. 


[From the Gordon Laboratory, Guy's Hospital. 


Introduction. It was shown by Asher that when an animal is killed a 
few minutes after the intravenous injection of a concentrated solution of 
dextrose, the flow of lymph from the thoracic duct is greatly increased, 
and may continue for more than an hour after death. Asher concluded 
that the lymph could not be formed by filtration through the capillary 
walls, since the arterial pressure falls nearly to zero after death. That 


hydreemic plethora leads to increased secretion from the liver, kidneys, 


salivary glands and intestine was pointed out by Cohnheim; and 
Asher observed some flow of saliva after death. For this reason he 
adopted the view that the lymph formed was associated with glandular 
secretion, and was a product of tissue-metabolism. | 

Mendel and Hooker also obtained a post-mortem flow of lymph 
after the injection of an extract of strawberries, which has an action 
analogous to that of peptone; and they, too, assumed that the lymph 
was derived from the tissues. 

Except in the case of the salivary glands, Asher did not ascertain 
whether the glandular activity, evoked by hydremic plethora, persisted 
after death ; and, since the lymph flow accompanying salivary secretion 
is trivial in amount, Asher’s explanation of his results remained 
unproved. Moreover, neither Asher nor Mendel and Hooker made 
any observations on the venous pressures. It seemed desirable, therefore, 
to extend the experiments of these observers in the hope of = at 
a correct explanation of their results. 


Methods. All the experiments were carried out on i ansthe- 
tised with the A.C.E. mixture, usually after a preliminary dose of }—1 gr. 
morphia. The lymph was collected from the thoracic duct. The venous 
pressure was recorded in every experiment. Cannulm were placed in the 
splenic vein, and in the external iliac vein, and connected to manométers 
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filed with 20 °/, sodium sulphate solution coloured with methylene blue : 
its specific gravity was about +, th of that of mercury. In the earlier 
experiments, the animals were killed by injecting pure chloroform into 
the jugular vein; subsequently, at Prof. Starling’s suggestion, they 


were killed by passing a strong electric current through the heart. 


Death was instantaneous, and the production of clots in the heart and 
interference with the pulmonary circulation was obviated. In either 
case, the results were the same as regards the flow of lymph. Further 
details of the experiments are given in the protocols. 


I. Hypra&mic PLETHORA. 


In the first place, observations were made on the arterial and venous 
pressures after death, when hydremic plethora had been previously pro- 
duced, It was found that almost immediately after death the pressures 
in the portal vein and vena cava became equal; for this reason, in 
the later experiments, the post-mortem pressure was recorded in only 
one of these veins. When the animals were killed with chloroform, the 
arterial pressure after death was considerably lower than the venous 
pressure. The chloroform, however, produced clotting in the right side 
of the heart, and probably interfered with the flow of blood from the 
great veins into the heart and lungs, thereby preventing the establish- 
ment of a uniform pressure. To avoid this source of error, death was 
caused by passing an electric current through the heart; in such experi- 
ments the arterial and venous pressures became nearly equal, although 
the venous pressure was still rather higher than the arterial. 


Rak Dog. A.C.E. mixture. Cannulw in femoral artery and iliac vein, both 


connected to manometers containing sodium sulphate solution. nr 
in mm. of the solution. 


Time Femoral artery 


12.49 60 

12,50—12.59 water. 
1.0 255 
1.3 197 
1.7 Dog killed by tetanising the heart. 
1.8 242 248 
1.16 165 125 
1.26 93 
1.35 125 84 
1.45 119 73 
1.55. 118 66 
2.15 104 66 
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It is clear from this experiment, which was frequently confirmed as 

regards the venous pressure, that the rise of venous pressure, produced 
by hydremic plethora, continues for a long time after death and 
diminishes very gradually. 
_ The large venous pressures recorded in the above (and other similar) 
experiments are very significant. Normally, the portal pressure is 
about 80 mm. MgSO, solution and the vena cava pressure about 30—40 
mm. of the same solution. The capillary pressure in the liver, therefore, 
must be between 30 and 80 mm. MgSO, solution. But, when hydremic 
plethora is set up, the post-mortem pressure in both portal vein and 
vena cava is at first 200—250 mm. sodium sulphate solution ; and even 
an hour after death it may still be 100 mm. Consequently the 
capillary pressure in the liver will be much greater than in the normal 
animal. 

The capillary pressure in the intestines will almost certainly be 
lower after death than during life, in consequence of the enormous fall 
of arterial pressure. It is impossible, however, to determine it with any 
exactness, 


The lymph flow. The flow of lymph from the thoracic duct usually 
continued for about an hour after death, and was most abundant during 
the first twenty minutes. The same result was obtained whether . 
hydremic plethora was produced by strong solutions of sugar or by 
large quantities of normal saline. 

Exp. II. Dog. A.C.E. mixture. Cannulw in splenic and iliac veins, connected to 
manometers containing Na,SO, solution. Portal lymphatic free. Pressure measured in 
mm. of the solution ; zero=0. 3 


Time ‘wets V. cava V. portee 
5.6 105 
§.8—5.18 3 80 
5.18—5.214 Injected 40 grams dextrose in 70 ¢.0. water into jugular vein. 
5.22 220 
Dog killed: by injection of into jugular vein. 

5.24 | ll c.c, 
5.29 210 
5.39 173 
5.49 76 ,, 134 

6.59 116 
6.9 115 


Post-mortem, the liver was very firm and tense; there was no clot in the vena cava. 


The preceding observations on venous pressure clearly pointed to the 
liver as the source of the lymph, since the capillary pressure was 
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increased in that organ. That most of the lymph came from the liver 
was shown by ligature of the portal lymphatics; after this procedure, 
the post-mortem lymph flow was greatly diminished. 


Exp. II. Dog. A.C.E. mixture. Portal lymphatics tied. Venous pressure measured 
in mm. Na,8O, solution. Lymph recorded in ¢.c. per 10 min. 


Time mene V. cava pressure : 
5,0—5.10 40 

5.20 10 ¢.c. 70 
5.27 Dog killed. 

5.28 210 
5.30 10°5 c.c. - 210 
§.42 130 
5.52 120 
6.2 100 
6.12 


Post-mortem, lymphatics properly tied ; no clot in vena cava, aorta contained a good 
deal of blood. 


Occasionally there was a considerable post-mortem flow of lymph, 
even after ligature of the portal lymphatics, This was most marked 
when a considerable interval was allowed to elapse between the pro- 
duction of the plethora and the death of the animal. In this 
circumstance, a good deal of lymph was formed in the intestines before 
death, and was squeezed into the thoracic duct by the post-mortem 
intestinal movements. When the animal was killed immediately after 
the injection of sugar or saline solution, so that no time was allowed 
for lymph-formation in the intestines during life, there was but little 
post-mortem lymph flow. The lymph flowing from the thoracie duct 
(after ligature of the portal lymphatics) is, in fact, not produced after 
death, but merely represents preformed lymph, squeezed out of the 
intestines. 

It has been shown by Scott that dextrose acts as a poison to the 
tissues, increasing their katabolism. It is easy to demonstrate that in 
_ these experiments the dextrose does not appreciably increase the tissue- 
metabolism, and that the lymph is not derived from the tissues. If an 
animal be bled, and dextrose subsequently injected, there is no rise of 
capillary pressure, but the possible action of dextrose on the tissues is 
not interfered with. There is, however, hardly any post-mortem lymph 
flow; hence the flow normally found must be due not to the dextrose as 
such, but to the rise of capillary pressure, 
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Exp. IV. Dog. A.C.E. mixture. Cannula in iliac vein. Portal lymphatics free. 
Lymph measured in c.c. per 10 min. Pressure recorded in mm. Na,SO, solution. 


Time Lymph v. — 
us in 25 ¢.c. water. | 
2 1.26 43 
1.30 3 30 
4 1.84 Injection of 6 grams dextrose in 10 c.c. water. 
(1.86 1°7 (5 min.) 
1.36 Dog killed by tetanising the heart. 
1.37 135 
ian 0°8 c.c, (5 min.) 95 
1.50 0°1 


The amount of dextrose injected was sufficient to restore the volume of the blood 
to thas geovioms to. the Heating. 


Observations made on the liver and pancreas showed that after the 
production of hydremic plethora, there was no post-mortem secretion 
either of bile or of pancreatic juice. 


‘It appears, therefore, that the post-mortem lymph is not associated 
with glandular secretion or increased tissue-metabolism. It is derived 
from the liver, in which the capillary pressure is greatly raised, and is 
formed by increased filtration through the liver capillaries. It may be 
presumed that in the absence of oxygen increased permeability of the 
capillaries is present, and furthér influences the production of the lymph. 


If. THE INJECTION OF PEPTONE. 


The injection of peptone raises the portal and to a less extent the 
vena cava pressure, but it does not increase the volume of the blood. 
After death, therefore, the venous pressure rapidly falls below that 
found in the normal animal during life. In spite of this, the flow of 
lymph continues for some time after death, and may be present even 
when the capillary pressure in the liver is less than in the normal 
animal. 


There is no doubt that the post-mortem lymph is derived from the 
liver, but since the capillary pressure is not raised, other factors must 
be concerned in its production. It may result from increased metabo- 
lism in the liver, since Kusmine has found definite changes in the liver 
cells after the injection of peptone; or it may be formed by increased 
permeability of the capillaries allowing an excessive filtration of lymph 
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under a normal or subnormal pressure. It is impossible to determine 
by which means the lymph is formed. There is, however, the fact that 
the lymph flow diminishes as the capillary pressure in the liver falls; 
this suggests that a process of filtration through an abnormally perme- 
able capillary wall is taking place. | 


Exp. V. Dog. Morphia and A.C.E. mixture. Cannule in splenic and iliac veins, 


connected to manometers containing Na,SO, solution. Pressure recorded in mm. 


Lymph measured in c.c. every 10 min., Portal lymphatics free. 


Time Lymph V. cava V. porte 
1.9 3 

1.19 3, 33 80 

1.28 45 210 
1.26 Dog killed by intravenous injection of chloroform. 
1,27 110 
1.29 3 40 c.c. 75 
1.39 40 
1.49 
1.54 0°4 ,, 


Immediately after death the portal and vena cava pressure became equal. 


SuMMARY: 


1. After the injection of dextrose solution or saline solution the 


capillary pressure in the liver after death is much higher then in the 
normal animal, 


2. The post-mortem lymph flow observed by Asher after sie 2 


hydremic plethora is chiefly derived from the liver, and almost 
disappears after ligature of the portal lymphatics. 


3. The small post-mortem lymph flow sometimes observed after 
‘tying the portal. lymphatics is derived from the intestines; it is lymph 
formed during life, and squeezed into the thoracic duct by intestinal 
movements taking place after death. 


4. There is no post-mortem secretion of bile or pancreatic juice, 
nor does dextrose increase the tissue-metabolism. 


5. The lymph is formed by filtration through the liver capillaries as__ 
a result of the increased capillary pressure. 
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6. The post-mortem lymph flow after the injection of peptone is 
_ due either to filtration through abnormally permeable capillaries or 

to increased metabolism in the liver, the former view being the more 
probable. 


It is my duty to state that the expenses of this investigation 
- were defrayed by a grant from the British Medical Association. 
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THE INFLUENCE OF ORGAN EXTRACTS OF COLD- 

BLOODED ANIMALS ON THE BLOOD-PRESSURE 

OF DOGS. By ORVILLE HARRY BROWN, P#D., M_D., 
anpD DON R. JOSEPH, MS. (Eight Figures in Text.) 


(From the Department of Physiology, St Lowis University.) 


Ir has been shown by numerous investigators that intravenous injections 
of extracts of most organs of warm-blooded animals produce alterations 
in the blood-pressure. Practically all of these tissues have been 
demonstrated to contain a depressor agent. A lesser number contain 
a pressor material also. In one case—that of the suprarenal capsule— 
the action of the depressor body in the extract is entirely masked by 
that of the pressor substance. In other cases, as for instance in bone 
marrow, the pressor action shows but slightly while the depressor action 
is quite marked. 

Knowing that organ extracts of warm-blooded animals had such 
decided effects upon the blood-pressure, the curiosity of one of the 
authors of this paper was aroused regarding the effects of organ extracts 
of cold-blooded animals upon the blood-pressure of warm-blooded 
animals, During the summer of 1905, while carrying on some other 
research work at the Marine Biological Laboratory, Woods Hole, Mass., 
the material for the testing of this problem was accumulated by the 
senior author. The organs were taken’ from such fishes and other 
animals as were easily obtained at the laboratory. The organs were 
removed under as nearly aseptic conditions as were conveniently possible. 
_ They were then placed in a clean vessel and minced finely. The — 


_ resulting mass was spread in a thin‘ layer over the surface of a flat 
bottomed dish, placed in a thermostat and kept at a temperature of 
about 40°C. The oil which exuded from the tissue was decanted off. 
During the course of a few days, the tissue became dry and was 
pulverized. This powder was then placed in bottles and tightly corked 
for future use. No deterioration in any of: the preparations thus made 
has been noted. 
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Methods. The extracts were made by dissolving the prepared 


powdered organs in 09 per cent. sodium chloride solution, either at 


45°C. or at boiling temperature, and filtering. 

In some cases the sediment left after making the extracts at 45°C. 
was extracted at boiling temperature with normal saline. As it had 
been shown in some cases that the cold solutions did not dissolve both 
the pressor and the depressor substances, and that boiling sometimes 
destroyed one of these agents, it was thought best to use extracts made 
at both temperatures. But in some instances, sufficient of the gland was 
not obtained to permit of both solutions being made. For the sake of 
convenience, the extract made at 45°C. is termed “ warm extract” and 
the one made by boiling is called “boiled extract.” The extract made 
from the sediment is called “sediment extract.” 

The extracts were tested upon dogs under ether anesthesia. 


_ Tracings of the respiration, blood-pressure, time of injection, and the 


time in intervals of one second, are on each kymographic record. The 
respiratory tracing was obtained by a tambour, which was connected by 
means of a “T” tube with the trachea cannula through which both air 


and ether were administered to the dog. The blood-pressure tracing — 


was obtained from a three-way cannula in the carotid artery, connected 
with a mercury manometer. The injections were made by means of a 
burette, and a cannula inserted into the central end of the external 
jugular vein. The temperature of the injected solution was observed by 
means of a thermometer, the bulb of which was thrust through a small 
longitudinal slit, into the lumen of the rubber tubing leading from the 
burette to the cannula. It was intended that the temperature of each 
injected solution should be that of the body, and it may be so considered 
unless otherwise stated. The time of injection was recorded by means 
of a magnetic signal connected in an electric circuit with an automatic 
make and break of an induction coil. The writing points of the 
recording levers wrote one below the other in a vertical line. The 
dosage in each case, unless otherwise stated, was 25c.c. Control experi- 
ments were repeatedly made by injecting the same amount of the 
normal saline solution with which the extracts were made, but it was 
always without any noteworthy effect. Extracts were made from the 
following organs: shark liver, shark kidney, shark sex glands, squeteague 
liver, squeteague sex gland, dog-fish liver, starfish ovary and starfish 
testis. Our records unfortunately fail to show whether the sex glands 
from shark and squeteague were from males or females. 
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EXPERIMENTAL RESULTS. 


Shark liver (“boiled extract”). The first injection of 10c.c. into 
a dog weighing about twelve pounds produced a fall of 34 mm. of 
mercury. The tracing lever regained its normal level in about three 
quarters of a minute. There was no change in the heart rate. The 
frequency of respiration was slowed from 45 to 35 per minute; and 


respiration became slightly shallower. The decrease in rate began at — 


the time of injection and developed gradually, the rate being slowest in 
about a minute and a half after the injection. The pressure rose about 
as rapidly as it had fallen, causing the tracing to simulate a letter “ V.” 

A second injection of 20c.c. caused an immediate fall in the blood- 
pressure of 54mm. of mercury. The pressure returned to normal in 


forty-eight seconds, and continued to rise quite rapidly to 14 mm. above - 


normal, where it remained for about four minutes. No change in the 
heart rate, or depth of beat, occurred during the fall or the return to 
normal of the tracing. The respiratory rate decreased from 35, at the 
time of the injection, to 27 per minute within two minutes after the 
injection. At the end of four minutes, the rate had increased to 45 per 
minute, 


Fig. 1. A third injection; 40 c.c. of “boiled extract” of shark liver. 


A third injection (see Fig. 1) of 40 c.c. caused practically the same 
_ picture as the preceding except that the fall was somewhat deeper and 
longer. The blood-pressure suffered a fall of 66 mm. of mercury which 
lasted one minute and twenty seconds. Then followed an increased 
pressure of 20 mm. which lasted four minutes. The heart rate was not 
altered. The amplitude of the heart beat was doubled during the 
period of greatest depression. The rate of respiration was slightly 
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accelerated during the fall, but it soon returned to the normal rate. 
Repeated injections of the shark liver extract on various dogs showed no 
characters other than those already described. — 


Résumé. There are evidences of the presence of both pressor and 
depressor substances in the extracts of shark liver. Both are soluble 
in boiling 0°9 per cent. sodium chloride solution. There are two pressor 
effects: one preceding and one following the depressor effect. The first 
of these pressor effects is very transient, while the second lasts for about 
five minutes. The depressor action was always more marked than the 
pressor. The variations in the arterial tension are most likely a result 
of changes produced in the vasomotor system, since there were no 
perceptible changes in the frequency or depth of heart beat. 

It was also demonstrated that there was a substance present in shark 
_ liver which decreased the rate of respiration. During the period of 
lowest pressure this was not always potent, in fact at that time the 

rate of respiration was usually increased. 


Shark kidney. A first injection of the “boiled extract” into a dog 
weighing thirty-five pounds produced an immediate rapid rise of blood- 
pressure of 7 mm. of mercury ; this was followed by a rapid fall of 80mm. 
_ The decreasing arm of the trace, or the period of decreasing pressure, 
occupied four seconds, while the ascending arm of the trace, or the 
recovery of the pressure to its normal level, took place in forty seconds. 
There was no change in the frequency either of heart rate or respiration. 
Succeeding injections produced results sence identical with those 
just described. 

Résumé. Extracts of shark kidney contain a substance (or substances) 
which produce quite marked, though transitory, lowering of the arterial 
tension. A slight pressor action was indicated during the injection, but 
this was scarcely more than what would result from an equal dose of the 

saline solution used as a solvent. The fall of pressure was the result of 
vaso-dilatation, as the heart remained practically unaltered. — 
was not affected. 


Shark sea gland. The first injection of the “ warm extract.” of this 
substance produced no pressor effect at all. The depressor action 
amounted to 90mm. of mercury. The period of greatest depression 
occurred in thirty seconds after the injection, from which point it 
rose gradually and reached its normal level in about four minutes 
(see Fig. 2). During the period when the arterial tension was the 
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lowest, the heart rate was 264 per min., while before the injection it 
was 132 per min. The acceleration began and increased as the pressure 
fell. The heart continued at about the same rapid rate even after the 
pressure had regained its normal level. The amplitude was much 
decreased while the rate was increased. The rate of respiration was 


Fig. 2. A first injection of 25c.c. of a “warm extract” of shark sex gland. 


- 48 per min. before injection and had increased in one minute after 
injection to 84 per min. The depth of the respiratory movements was 
also somewhat increased. This was most marked while the blood- 
pressure was lowest; it gradually approached the normal height as the 
arterial tension was raised to normal. zs 

A second injection (see Fig. 3), produced an initial pressor effect of 
20 mm., which was immediately succeeded by a rapid fall of 62 mm. 


The depressor effect gave way almost immediately to a second pressor 


effect, which in forty-two seconds sent the pressure to a level of 212 mm. 
of mercury ; this was 66 mm. above the normal level of the pressure at 
the beginning of the injection. The second pressor effect lasted for 
about four minutes, when the pressure gradually returned to normal. 
The heart was beating very rapidly just before the injection was made 
(a count as accurate as possible on the trace showed. 300 per minute) 
and was slightly increased during the period of greatest fall, and was 
decreased during the stage in which the pressure was recovering its 
normal level, at the end of which time a count on the tracing showed a 
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heart rate of 166 per minute. The amplitude was very much decreased 


during the period of rapid heart beat, but returned to the normal depth 
as the heart rate returned to normal. The respiratory frequency before 
injection was 72 per min. and remained the same until the arterial 
tension began: to increase. Two and a half minutes after the injection, 
the rate of respiration was 54 per min. and the depth of respiration was 
much decreased. A third injection produced a tracing practically the 
same as that of the second injection. 


Fig. 3. A second injection of 25 c.c. of “warm extract” of shark sex gland. Interval 
of 30 secs. between a and b, and of 60 secs. between b and c. 


A first injection of the “sediment extract” solution produced only a 
depressor effect. The fall produced was a very gradual one—not reaching 
its minimum pressure until one minute and a half after the injection. 


_ The decrease in pressure amounted to 60 mm. of mercury. The arterial 


tension returned to its normal level in the next one and a half minutes. 
The frequency of the heart beat was reduced from 120 to 90 per min. ; 
the decrease in rate, which was accompanied by a deepening of beat, 
took place gradually; the rate was slowest at the time when the pressure 
was lowest. 

A second injection of this solution produced a fall of 30mm. of 
mercury which reached its minimum pressure in twenty-five seconds, 
and which regained its normal level in thirty-five seconds more. During 


- the period of lowered = the heart’s rate was decreased 10 or 12 


beats per min. 
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Résumé. Extracts of the shark’s sex glands contained substances, 
which (a) produce pressor and depressor effects, (b) accelerate the heart’s 
rate, (c) decrease the heart’s rate, and (d) stimulate the respiration. 
All of these substances, except the one which slowed the heart’s 
.rate, are soluble in 09 per cent. sodium chloride solution at 45°C. No 
pressor effects resulted from “first injections,” but the depressor action 
was marked and prolonged. Concomitant with the fall was the accelera- 
tion of the heart rhythm. This changed suddenly from a rate of 130 to 
264 per min., and gradually increased to the almost incredible rate of 
300 per min. -A second injection was thoughtlessly made without 
waiting to ascertain how long this rapid rate would last. In “second” 
and subsequent injections, the depressor, and the heart and respiratory 
accelerator actions were not so prominent. The substances which were 
not soluble in the saline solution at 45°C., and which consequently 
remained to be taken out in the “sediment extract,” produced a slight 
and gradual fall of the arterial tension, and slowed the heart rate. It 
seems that there are two separate substances in shark sex gland which 
have a depressor action. One is soluble at 45°C. in the 0°9 per cent. 
sodium chloride solution, and the other soluble only at boiling tempera- 
ture. The former produces its effects by vaso-dilatation in spite of the 
increased rate of the heart which occurs at the same time; and the 
latter may owe its effect entirely to an inhibitory action upon the heart. 
The pressor substance was extracted (i.e. soluble) at 45°C. or the 
remaining portion (if any) was destroyed by boiling. The pressor 
effect is due to vaso-constriction, for the most part at least. In “first 
injections,” the heart rate was greatly accelerated, but no pressor effect 
-was observed. In subsequent injections where pressor effects did 
occur there was no increase of heart rate, except during the period of 
fall of the blood-pressure. The substance which stimulates respiration 
acts simultaneously with the substance which accelerates the heart. 


_ Squeteague liver. An injection of 10 c.c. of a “ warm extract.” of this 
organ produced a gradual and prolonged fall (see Fig. 4) which at its 
greatest depth, a minute and a quarter after injection, amounted to 
64 mm. of mercury. It returned to its normal level three and a half 
minutes after the injection. There was an increase of 8 beats per 
minute in the rhythm of the heart. The amplitude of the beat was 
very slightly decreased. The rate of respiration was increased from 78 
to 102 per min. The oscillations of the respiratory tambour were 
unaltered in depth. | 
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¥ : A second dose of 25c.c. of this same solution produced a slight — 
: initial increase of 6 mm. of pressure which was followed by a sudden 

_ marked fall from 113 mm. to within 14 mm. of zero pressure in 25 
seconds (see Fig. 5). The pressure never rose above this point, but 
gradually fell to zero. The frequency of the heart’s contraction was 
increased from 156 before injection to 168 during the first. period of — 
the fall. The amplitude of the heart beat diminished uniformly and 


Fig. 4. A first injection of 10 ¢.c. of a ‘* warm extract” of liver. 


4 

: Fig. 5. A second injection of 25 ¢.c. of a “‘warm extract” of squeteague liver. Intermittent 
. compression of the chest was begun at X. It had no effect on the blood-pressure. 

: rapidly; no oscillations of the manometer lever were perceptible twenty- 


five seconds after the injection was made. The amplitude of the 
“respiratory movements remained constant during the first part of the 
fall, but later, it gradually decreased and came to a stop one minute 
after the injection, or twenty-five seconds after the heart ceased beating 

sufficient to be perceptible. 
A first injection of 25 ¢.c. of the “ warm extract ” of squeteague liver 


produced the same effect as the one just described, which followed a 
10 c.c. dose. 
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 _ Résumé. An extract of the liver of squeteague contains a substance 
_which lowers the blood-pressure. It is soluble in 0°9 per cent. sodium — 
- chloride solution at 45°C, In small doses, it produces a gradual and — 
not dangerous fall of the blood-pressure. The slight acceleration of 
heart rate and respiration which occurs, concomitantly with the fall, is 
probably due to mechanical effects of a lowered arterial tension. The 
almost instantaneous fall of pressure, to nearly zero, upon the intro- 
duction of a rather large dose of the extract is probably due chiefly to 
a vaso-dilatation. It is possible though that the recovery is prevented 
by a direct action of the substance upon the heart. 


Squeteague sex gland. A first injection of the “warm extract” of 
this material produced a slight initial pressor effect of 7 mm. of mercury, 
followed by a depressor effect of 56mm., which took place in twelve 
seconds. The pressure was raised in about the same length of time to 
within 20mm. of the normal level, where it remained for some time. 
The heart rate before injection was 125 per min.; during the fall 150 


Fig. 6. A first injection of 25 c.c. of'a ‘‘sediment extract” of squeteague sex and. 


per min. ; during the recovery 96 per min.; and on the succeeding level” 
84 per min. The rate and depth of respiration were practically un- 
changed until after the recovery when the rate was reduced gradually 
from 96 to 60 per min. 

Twenty-five c.c. of a “sediment extract ” of the same material 
produced a tracing (see Fig. 6) quite similar to that produced by the 
“warm extract,” except that the pressure rose in the former instance 
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to slightly above its normal level on recovery: The initial increase of 
arterial tension was 6 mm.; the fall took place in fourteen seconds and 
amounted to 44mm. The recovery took place in twenty-five seconds. 
The heart rate was not increased materially during the fall, but after 
the recovery of the arterial tension to its normal level, the heart rate 
was reduced from 180 to 120 per min. 

The respiratory rate remained unchanged throughout. 


Résumé. The sex gland of squeteague contains a substance which 
lowers blood-pressure. “First” and subsequent injections differed 
somewhat in their results, in that the period of depression of blood- 
pressure was much shorter in all injections after the “ first” injection. 


Dog-fish liver. An injection of 25 c.c. of a “warm extract” of this 
substance produced no pressor effects at all. The depression began as 
the injection was made. Within half a minute the pressure had 
changed from a level of 162 mm. to 72 mm. of mercury. The pressure 
then rose within two minutes, to a level of 142 mm. where it remained 
constant. The frequency of both heart and respiration remained prac- 
tically unchanged throughout. _ 


Fig. 8. 
Fig. 7. A first injection of 25 c.c. of a “boiled extract” of dog-fish liver. 
Fig. 8. A first injection of 25 .c. of a “‘warm extract” of starfish ovary. 


“ First ” and subsequent injections of the “boiled extract” produced 
_ practically the same effects (see Fig. 7). There. was an initial rise of 
14 mm. of mercury followed by a sudden drop, in eight seconds, of 52 mm. 
The recovery was also.quite rapid, occurring in about eight seconds. 
The pressure continued rising, however, until it was 20 mm. above the 
normal level, where it remained for about three minutes. The frequency 
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of heart beat and respiration remained approximately the same through- 

out, The tracings obtained after the cutting of the vagi were practically 
identical with those obtained before. 

: On opening the hearts of the dogs which died from the effects of the 
: injections of the dog-fish liver extracts, it was found that the cavities 
were invariably filled with blood clots, The blood of a dog which normally 
clotted in two and a half minutes, was found to clot after a 10 .c. dose 
of extract, in one and three quarter minutes ; while after a 25 c.c. dose, 
the blood clotted in three quarters of a minute. It was discovered also 
that there was a period some minutes after the injection, during which 
time, blood drawn from the vessel remained unclotted indefinitely. 


Résumé. The dog-fish liver contains substances which produce 
pressor and depressor effects. The former is not soluble in a physio- 
logical salt solution at 45° C., but is soluble at the boiling temperature. 

The latter is soluble both at 45°C. and at boiling temperature. 
There was some substance in the dog-fish liver extract which increased 


the coagulability of the blood. Death often resulted from blood clots in. 


the vessels, and in the cavities of the heart. 


Starfish ovary. A first injection of 10.c.c. of the “warm extract” of 
. this substance produced a slight initial rise of 4 or 5 m.m. followed by 
a fall of 32 mm. in fourteen seconds. The pressure rose in seventeen 
seconds to within 3 or 4mm. of the normal level, where it remained 
constant. There was no change in rate of either the heart or respiration. 

A second injection of 25 c.c. of this extract caused the blood-pressure 
to fall to within 12 mm. of the zero pressure (see Fig. 8); and all 
evidences of the heart beat were lost in thirty-five seconds after the 
injection. On opening the chest wall some minutes later, however, 
the heart was beating in a fibrillary manner. The heart rate during 
the rapid fall of arterial tension remained constant. The rate of 
respiration was accelerated slightly during the fall, but came to a stop 
fifty seconds after the injection. Three or four minutes later 14 or 15 
inspirations were taken at regular intervals. 


Résumé. The extracts of starfish eggs contain a depressor substance, 
and possibly a small amount of a pressor substance, both of which are 


soluble in 0°9 per cent. sodium chloride solution at 45°C. Thedepressor — 


effect is very pronounced. Even after a small dose, the pressure fails to 
regain the normal level for some time, and a large dose produces such a 
rapid fall of arterial tension that all evidences of the heart beat are lost 
in half a minute. 
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Starfish testis. The first injection of a “boiled extract” of this 
substance produced an immediate pressor effect of 18 mm., which was 


followed by a sudden drop of 70 mm. in twenty-five seconds. During 


the next forty-five seconds, the pressure rose 35 mm., after which the 
rise was gradual for six minutes, at the end of which time the normal 
level was attained. During the period of depression, the rate of the 
heart was slightly accelerated. The amplitude of the beat was increased — 


‘somewhat on the recovery. The respiration remains practically constant 


throughout. 
Résumé. The testes of starfish contain pressor and depressor sub- 


_ stances, both of which are soluble in boiling physiological salt solution. 


The pressor action was very transient, and preceded the depressor. 
The depressor action was quite marked both as to the amount of change 
of level, and duration. The change in blood-pressure was due most 
likely to vasomotor changes, as the heart rate was even slightly 
accelerated during the fall. tose 


CONCLUSIONS. 


1. Extracts of the liver, kidney and sex gland of shark, liver and 
sex gland of squeteague, liver ‘of dog-fish, and ovaries and testes of star- 
fish contain substances which, when injected into the veins of a dog, 
cause a lowering of arterial tension. 


2. Extracts of the liver and sex gland of shark, and liver of dog- 
fish, and the sperm of starfish contain a variable amount of a substance 
which raises the arterial pressure of dogs when given intravenously. 


8. The depressor substances are soluble in 0°9 per cent. sodium 
chloride solution at both 45°C. and at boiling temperatures. 


4, The pressor substances in the shark's sex gland are soluble at 
45°C., and are not soluble at boiling, or are destroyed by the boiling, 
while those in the shark liver, the dog-fish liver, and the starfish testis 
are soluble only at boiling temperature. 

5. The period of action of the depressor substances usually begins 


during the injection or immediately afterward, and endures from twenty 
seconds to five or six minutes or even longer. 


6. The pressor agent of all the extracts invariably produces an 
initial and temporary rise of blood-pressure, occurring during the period 
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of injection; and in the case of the liver and sex gland of shark and the 
liver of dog-fish, a secondary rise is produced which follows the fall and 
which endures usually for a period of four or five minutes. 


7. The authors are of opinion that in the case of the extract of the 
sex gland of shark, the active pressor substance if separated from the 
depressor bodies would in a measure simulate the action of adrenalin — 
chloride. It is indicated that the action of this substance might be. 
more enduring in its action than that of the suprarenal gland. 


8. In the cases of the extracts of the liver and sex gland of shark 
the results of “first” injections differ from those of subsequent injec- 
tions, in that the secondary pressor effects are usually absent in the first - 
administration, but appear prominently in all others. 


9. The conclusion seems safe that in every instance the alterations 
in the arterial tension are due almost exclusively to vasomotor changes. 


10. In the shark liver extract there is a substance which depresses 
respiration. 

11. In the shark sex gland there is a substance which stimulates 
respiration. 

12. During the fall of arterial tension the frequency of respiration 


is usually increased, probably as a result of less blood circulating through 
the brain. 


13. In one case, that of the sex ae of shark, there was found 
a substance which caused a most astonishing acceleration of the heart 
rate. | 


14. In another organ, the dog-fish liver, the extract contained a 
substance which lessened the time required for the coagulation of the 
blood. Death resulted from the use of the extract, on account of 
intravascular coagulation. 


15. In the case of the starfish testes and the dog-fish liver, 
substances are present which when given in a medium dose produce 


a fall of blood-pressure to very near zero—a fall from which it never 
recovers, 
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FURTHER OBSERVATIONS UPON THE FUNCTIONS 
OF THE THYROID AND PARATHYROID GLANDS. 
By SWALE VINCENT, Professor of Physiology in the 
University of Mamitoba, Winnipeg, Canada, anp W. A. JOLLY, 
Assistant to the Professor of Physiology in the University of 
Edinburgh. 


(From the Physiological imaoie of the Universities 
of Edinburgh and Manitoba.) 


Introductory. In our previous paper’ we recorded some observations 
upon the thyroid and parathyroid glands. The observations caused us 
to. question the view recently put forward, that the function of the 
thyroid gland is, as regards the question of preservation of life, subsidiary 
to that of the parathyroids. Nor were we able to confirm the theory 
that removal of the parathyroids caused invariably acute nervous 
symptoms and speedy death, while removal of the thyroid was followed 


_ by “cachexia strumipriva,” and in the case of monkeys true myxcedema. 
We found that removal of the parathyroids did not necessarily induce 


nervous symptoms, nor removal of the thyroid myxedema. Nervous 
symptoms sometimes supervened, when parathyroid glands were left in 
situ, the thyroid being removed, while on the other hand the removal of 
the parathyroids did not always lead to the development of such 


symptoms. We noted, however, that two cats in which the parathyroids 


were extirpated exhibited acute nervous symptoms, and died as a result 


of the operation. This operation is a difficult one, and as in these cases 
_we found, post mortem, that the thyroid had itself suffered injury, we 


concluded that simple parathyroidectomy in the cat, where the thyroid — 
gland is left uninjured, is not necessarily fatal,and we attributed symptoms 
when they occurred to the absence, or interference’ with the functional 
integrity, of both sets of glands. | 

In some cases, even of carnivora, which are more ¢ seriously affected 
by the operation than are herbivora and omnivora, where the complete 


' This xxxu. No.1. 1904. 
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operation was performed, prolonged survival followed with little or no 


appreciable signs of departure from a state of health. In the majority 


of cases among the carnivora fatal results more or less rapidly supervened 


upon the operation. 

We observed that while the signs of ill-health in those animals which 
survived the complete operation for a considerable time were so slight 
as to be almost imperceptible, yet the animals were more prone to such 
affections as conjunctivitis, skin diseases, and catarrh of various kinds, 
indicating a lowering of the general health, due to the absence of the 
specific function of the thyroid and parathyroids. 

The experiments now recorded are on the whole confirmatory of those 
described in our previous paper. 

The experiments on dogs, prairie wolves, and badgers were performed 
in the University of Manitoba, and we beg to acknowledge the valuable 
assistance of Dr Torrance of Winnipeg. 


Experiments on Monkeys. | 
In the following experiments on monkeys the —— and para- 
thyroid glands were completely removed. 


1. Macacus rhesus {. A well-developed isthmus was removed along 
with both thyroid lobes and the parathyroids. 

Completely recovered from operation and remained well for 20 days, 
when it had an epileptiform fit, from which it completely recovered. It 
remained well for 9 days after the fit, when it was removed from the 
artificially heated room and placed in a cold room. It became quieter 
and tamer. Did not eat well. Shivered but did not show any special 


symptoms. Died 4 days after transference to cold room, 32 days after 
operation. 


2. Macacus rhesus $. Remained well for 14 days, when some 
trembling of the limbs was observed but the animal remained quite 
lively. Seven days later this monkey was transferred from the artificially 
heated room to the cold room along with monkey No. 1. Became 
quieter, some stiffness of limbs was observed but no tetany. After 
remaining for 4 days in the cold room it was put back into the warm 
room. The monkey thereafter remained well for two months, when it 
was killed—88 days after operation. — 


8. Macacus rhesus $. Showed no nervous or other symptoms and 
remained perfectly well till it was-killed 81 days after operation. 
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4. Macacus rhesus {. Isthmus with thyroid lobes and all 4 para- 
thyroids removed. The monkey remained well until 3 days after operation 
when tremors were noticed in the hind limbs with symptoms of malaise 
and anorexia. It recovered completely from these symptoms, and 
remained well. It was killed 68 days after operation. 


5. Callothria J. No tremors nor other symptoms were observed, 
and the monkey remained well until it was killed on the 62nd day 
after operation. ae 


6. Callothria §. Difficult operation. The thyroid was diffuse. 
There was considerable hemorrhage, and more extensive damage to the 
neck structures resulted than in other cases. 

The monkey died in convulsions on the day following the operation. 
_ Post mortem the recurrent laryngeal nerve on one side was found to have 

been included in a ligature. | 

This series of experiments on monkeys confirms those: which we 
previously recorded. The nervous symptoms when they ensued as in 
Exps. 1 and 4 were transient and the monkeys entirely recovered from 
them. Monkey No. 6, which died on the day following operation, was 
found post mortem to have one recurrent laryngeal nerve included in 
a ligature and probably sustained other injuries to the nerves. It will 
be seen later that in the experiments on cats now recorded the only 
one which succumbed to acute nervous symptoms was a very young 
animal in which the neck structures were therefore delicate and would 
easily suffer injury. We are inclined to think that the acute nervous 
symptoms are frequently associated with damage to the nerves at the 
operation. 

In none of the monkeys were there any of the signs observed which 
are described as most characteristic of myxcedema in the human subject. 
Never have we seen any swellings of the subcutaneous tissue in any 
part of the body, nor were such swellings induced by the transfer of two 
monkeys from the artificially heated to a cold room, although one of 
them died as a result of the altered conditions. 

With the exception of the nervous symptoms, from which recovery 
was the rule, the monkeys exhibited no very definite ill-effects as the 
result of the operation. Our observations on this point were confirmed 
by the other workers in the laboratory’. 

The absence of myxcdematous swellings in both of our series, that 


| 1 We do not think that the monkeys were entirely unaffected by the operation, but 
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is to say after 13 complete extirpations in monkeys, is in accordance 
with Munk’s results'. Kishi also failed to find myxcedema in his 
operated monkeys’. | 


Experiments on Cats. 


1. Cat 2. Both thyroid lobes removed, and 3 parathyroids. One 
external parathyroid left in situ. For 20 days the cat remained well. 
Then it developed a nasal catarrh and conjunctivitis. It grew pro- 
gressively worse, exhibited retraction of the abdomen and tremors, and 
died 33 days after operation. 

Post mortem: the parathyroid’ left at the operation showed a few > 
colloid containing vesicles at the margin. This parathyroid had not — 
undergone the extensive alteration observed in other cases. 


2. Cat 3. Complete operation. Typical nervous symptoms with 
tetany and tremors developed. These passed off and the cat was free 
from nervous symptoms for a considerable time before its death, which 
occurred 38 days after operation. 


3. Cat Thyroid lobes and internal parathyroids 
External parathyroids left in situ. No nervous symptoms developed, but 
the cat suffered from nasal catarrh and conjunctivitis, which appeared 
‘12 days after operation. Forty-four days after operation administra- 
tion of thyroid extract was commenced. At first 0°2 grm. of the dried 
extract was given daily. This was increased 5 days later to 0:3 grm. 
per diem and ‘thyroid feeding was kept up for 20 days. The cat 
became more lively. Its appetite improved and the nasal catarrh and 
conjunctivitis disappeared. Its weight also increased slightly. Thyroid 
feeding was stopped after 20 days. A month later the conjunctivitis 
was again present. The cat was lethargic, weak, and affected with nasal 
catarrh. After an interval in the thyroid administration of 43 days 
it was continued, 0°3 grm. being given daily for 3 months. The 
improvement in health was not so marked as previously, but there 
was no conjunctivitis nor catarrh and the weight was found to have 
increased. On stopping thyroid feeding the cat became rapidly worse, 
and was killed, unconscious and in renne, 23 er later, 189 days 
after operation. 

Post mortem: the external saeitlaicediil were found in a condition 
which we are inclined to interpret as one of degeneration. 


1 Virchow’s Archiv, cu. 8. 271. 1897. 
* Virchow’s Archiv, cuxxv1. 8. 260. 1904. 
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4. Cat Jf. Operation as in the preceding case. The external 
parathyroids being left. The cat remained fairly well for 11 months, 


the only symptoms observable being slight lethargy and a tendency to — 


mange. During the course of the experiment the cat was fed for 40 
days exclusively upon raw meat and water. The effect of this was nil, 
the animal neither gaining nor losing in weight. An unoperated cat 
was at the same time fed upon the same diet as a control. A slight 
diminution in its weight was observed by the end of 40 days. Later, 
thyroid feeding was adopted in the case of the thyroidectomised cat 
and continued for 62 days. A distinct improvement in its condition 


resulted. The cat appeared more natural and lively and the weight 


increased. The cat was killed 289 days after operation. 

Post mortem: the parathyroids which had been left behind showed 
distinct though not very extensive changes in the direction of thyroid 
tissue, 


5. Oat {. Right external parathyroid left in situ. The remaining 


parathyroids removed with the thyroid. The cat remained fairly well, 


exhibiting merely drowsiness and some impairment of activity, for 
2 months. Thyroid feeding (03 grm. of thyroid extract per diem) was 
commenced 56 days after operation and continued for 10 days. The 
cat became more lively and was indistinguishable from ‘the normal. 
Killed 2 months after thyroid feeding was discontinued. 


6. Cat f. All 4 parathyroids removed. Thyroid left im situ. 
The parathyroids were ligatured and cut away. 

No untoward symptoms were observed. Killed 90 days after 
operation. 

Post mortem: no parathyroids were found remaining. 


7. Young cat d. All 4 parathyroids were removed, the bleeding 


being checked by the cautery. Thyroid gland left. Three days later 
typical nervous symptoms developed and the animal died the same day. 


Eaperiments on Dogs. | 
The following experiments, although we cannot pretend that they 
are completely satisfactory, yet seem to us to deserve natration as 
indicating the extreme difficulty of the operation of parathyroidectomy, 
and as pointing to the relation which subsists between freedom from 
symptoms and freedom from injury to the whole thyroid apparatus. 
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1. Young dog f. Two parathyroids on left side seen and removed, 
left thyroid lobe suffered to remain. Right lobe removed along with 
the 2 parathyroids from the right side. The extent of the operation 
was checked by microscopic examination of the tissues removed. The 
animal lived free from symptoms for 51 days, when it was killed. 

Post mortem: a parathyroid was found on the left side. 


2. Dog 3. The operation was the same as in the preceding 
experiment, with the same result. The post mortem finding was also 
the same, a parathyroid having been left behind on the left side. 


3. Dog 3. All 4 parathyroids seen and removed. Considerable 
damage done to thyroid by cautery. Typical nervous symptoms 
ensued and death on the 3rd day. 

Post mortem: the thyroid was found extensively necrosed as a result 
of cauterisation. 


4. Dog g{. Four bodies, apparently the parathyroids, removed 
Bleeding checked with cautery. On microscopic examination only two 
of these bodies could be verified as parathyroids, the other two para- 
thyroids presumably remaining. Typical nervous symptoms ensued, 
and the animal died in convulsions on the 6th day. Unfortunately 
serial sections were not cut post mortem through the whole of both 
thyroid lobes. 


5. Dog gf. Five bodies removed during the operation of para- 
thyroidectomy: cautery used with great caution. On microscopic 
examination one of these bodies was found not to be parathyroid. 
The other four were parathyroids. The animal was killed on the 19th 
day, having shown no symptoms. 


6. Dog $. Four parathyroids seen and removed. This was verified | 
by microscopic examination. Killed 20 days later without symptoms 
having developed. | 


- 7. Dog # (10 months old). Four bodies, apparently parathyroids, 
removed. On microscopic examination one of these was found not to 

be parathyroid. Killed 22 days later, not having shown symptoms. 
Post mortem: no parathyroid could be found on naked eye examina- 
tion. Microscopic examination was not made of the tissues left. ! 


8. Dog 3 (6 to 8 months old). Four parathyroids seen and re- 
moved, also a median nodule of thyroid. All very distinct. Right 
thyroid considerably cauterised. The four bodies were examined 
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microscopically and found to be parathyroids. Killed 8 days later, 
having remained perfectly well. 


- 9. Dog Jf (5 months old). Four bodies, apparently parathyroids, 
removed. On microscopic examination one of these was found. to be 
thyroid. Killed 6 days later, having presented no symptoms’, 


In our previous paper we recorded a series of parathyroidectomies in 
cats and found that only 33 °/,'of the experiments proved fatal, and we 
concluded from this that simple parathyroidectomy in this anitnal when 
the thyroid gland is left uninjured is not fatal. Our fatal cases were 
those in which we had done most damage to the whole thyroid apparatus. 
At that time we had not attempted simple parathyroidectomy in dogs 
for the reason that the difficulties which we emphasised in cats seemed 
to be even greater in dogs. During the last year, however, an attémpt 
has been made to test the effect of removal of all the parathyroids in 
dogs, leaving the thyroid as little damaged as possible. We consider 
that the results support our view that in extirpation experiments 
symptoms when they occur are to be attributed to interference with the 
functional integrity of both thyroids and parathyroids taken as a whole. 
If one removes the parathyroids and does little or no damage to the 
thyroid the animal appears to suffer no ill consequences, or if one 
removes a considerable portion of the thyroid and yet leaves the 
parathyroids, a similar negative result will follow. But if the para- 
thyroids be removed and considerable damage be done to the thyroid, 
or if the thyroid lobes be removed and the parathyroids injured, we may 
frequently get acute symptoms and rapid death. But it must be re- 
membered that this is not a constant rule, for in many cases in 
various groups of mammals we can remove the whole apparatus with 


_ impunity. Especially is this the case in rats. 


During the course of our former éxperiments we ‘attempted by the 
administration of thyroid and parathyroid extract to prevent the onset 
of symptoms after the complete operation and to diminish their severity 
when such symptoms had ensued, but without success. It will be seen 
from the preceding experiments that we have been successful in bringing 


about an improvement in the condition of three cats from which the 


thyroid lobes had been removed but in which parathyroids had been left 
m situ. 


1 These dogs owing to lack of accommodation were killed sooner than was desirable, 
but symptoms when they occur, néarly always appear on or about the 3rd day. 
20—2 
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In the course of our former series of experiments, in order to test 
whether feeding almost exclusively on a proteid diet would induce or 
aggravate symptoms after thyroidectomy we fed a monkey which had 
undergone this operation upon fibrin. The fibrin was pressed into 


tablets together with some sugar in order to render it palatable to the 


~ 


monkey. The animal, which had previously shown transient nervous 
symptoms, was fed exclusively on these tablets for 7 days — any 
alteration being noted in its condition. 

As will be seen from the preceding notes of experiments on cats, we 
fed a cat, from which the thyroid had been removed but in which 2 
parathyroids were allowed to remain, upon meat and water exclusively 
for 40 days. No changes in its condition could be perceived. The 
weight was maintained and otherwise the cat remained well. An — 


-unoperated animal fed during the same period upon the same diet was 


found to have decreased somewhat in weight. 
_ We are not therefore able to affirm that the incidence or severity 
of symptoms after thyroidectomy are dependent upon the nature of the 
feeding. 

Eauperiments on Prairve Wolves (Canis latrans) and Badgers. 


. The experiments upon these animals were. prompted by our experience 
with foxes. It was thought possible that purely carnivorous animals 
would resent thyroidectomy to a more marked degree: than herbivora or 
omnivora. But this has not turned out to be the case. The wolves 
behaved precisely as do dogs, and the badgers were totally unaffected by 
the operation. The difference in behaviour of different groups of animals 
does not then depend on diet. This matter we have also, as before 
mentioned, tested in another way. 


Prairie Wolves. 


1. Complete operation. Sixteen hours later an attack of rapid 
breathing ensued, and 20 hours after operation a convulsive attack. 
Next day typical nervous symptoms set in and were observed 
at intervals during 2 days. Three days after operation the animal 
was well, It showed no further nervous symptoms but became weaker 
and died 38 days after operation. There was no swelling of the 
subcutaneous tissues. 


2. Four parathyroids and the left thyroid lobe removed. Right 
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lobe left in situ. The animal showed no appreciable symptoms and was 
killed 63 days after operation. 

Note. In this case it is possible that one parathyroid was left behind, 
although no parathyroid tissue was found post mortem. 


1, Thyroid and parathyroids removed. All 4 parathyroids were 
found on cutting serially the tissue removed. No apparent symptoms 
ensued. The animal was killed 57 days later. No thyroid nor para- 
thyroid tissue found post mortem. 


2. Thyroid and parathyroids removed. All 4 parathyroids were 
verified microscopically. Remained without symptoms for 37 days, . 
when it was killed. No thyroid nor parathyroid tissue found post 


So far as can be judged from the two experiments performed the 
prairie wolf reacts to the operation in a similar way to the dog. 

The two experiments upon badgers were entirely satisfactory from 
the point of view of operation, all 4 parathyroids being micro- 
scopically demonstrated in each case, and we must therefore group 
badgers with monkeys and rats in that they show little if any 
perceptible ill-effects from the operation. 


on Rath 


1, White rat. Parathyroids ligatured and cut away. Thyroid left 
tn situ. Remained in apparently perfect health for 6} months, after 
which it was killed. No parathyroid tissue found post mortem, on 
microscopic examination. 


2. Black and white rat. Parathyroids removed as in the previous 
case. The rat was apparently unaffected by the operation and remained 
well for 64 months, when it was killed. Post mortem as in No. 1. 


These experiments on rats are confirmatory of those which we 
recorded previously, and would indicate that the removal of parathyroids 
may be carried out with impunity in the case of rats. . 

In view of the fact that 4 parathyroids are very constantly present 
in most other mammals we made careful anatomical studies in the rat 
with the object of determining whether in this animal there are in 
reality only 2 parathyroids or whether others exist and have been 
overlooked either on account of their lying at some distance from the 
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thyroid, as do the external parathyroids in rabbits, or for some other 
reason. We failed, however, to find more than one parathyroid in 
relation to each thyroid lobe in rats and also in mice. 

In the case of the cat also we have made an effort to ascertain 
whether the presence of accessory parathyroids in addition to the four 
normally found is of common oceyrrence. We carefully examined the 
neck and mediastinum of 7 cats, cutting all small bodies which appeared 
possibly to consist of parathyroid tissue. The majority of these bodies 
were found to be lymphoid in character or to be cysts lined by columnar, 
flattened, or ciliated epithelium. In one case a true accessory thyroid 
was found close to one of the thyroid lobes. In no case were accessory 
parathyroids present. 

These dissections confirmed what we had been led to believe in the 
course of our experiments, viz.—that accessory or additional para- 
thyroids, if present at all, are very rare in cats’. The marked variability 
in position of the external parathyroid is apt to make it appear that 
accessory parathyroids are commoner than ig found to be the case. 

In our former paper we described and depicted certain changes 
which occurred in parathyroids left behind after removal of the thyroid, 
We considered that these changes represented a more or less successful 
attempt on the part of the organism to reconstruct thyroid from 
parathyroid. These results seemed to point to the accuracy of the 
earlier view that parathyroids were embryonic thyroids’. 

There are moreover other reasons which lead one to conclude that 
thyroid and parathyroid are not separate and independent organs. In 
the human parathyroid it is not rare to find colloid vesicles in all 
respects resembling those of the thyroid. In fact it would seem that 
there is after all no fundamental distinction between the essential 
histological constituents of the two tissues. The intervesicular cells of 
the thyroid are almost identical with the parathyroid cells, and such 
differences in arrangement as exist may be the direct result of the 
formation of the colloid substance. Further, it is not rare to find 
structures in various animals about which it is difficult to say whether 
they are thyroids or parathyroids. In many thyroids there are solid 
masses of cells, not however so distinctly marked off as the parathyroids 


2 In one cat there was found a small body at some distance from the thyroid, which 
proved to be parathyroid. There was some doubt, however, as to whether all the four 
parathyroids were also present, and it is dificult to say whether this was a true accessory 
gland or an aberrant external parathyroid. 

* For literature on this point see our former paper. 
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proper, which are practically identical in structure with the latter bodies. 
The internal parathyroid is frequently in direct continuity with the 


_ thyroid at one part, and it is — to draw any strict line of 


demarcation between the two. ‘ 


CONCLUSIONS. 


We consider that the experiments recorded in the present communi- 
cation support the views expressed in our first. 

These are in brief as follows : 

Neither thyroid nor parathyroids can be considered as organs 
absolutely essential for life. Rats and guinea-pigs do not seem to suffer 
atall as the result of extirpation. Monkeys only show transient nervous 
symptoms. Dogs, cats, foxes, and prairie wolves frequently suffer 
severely and die. On the other hand — do not appear to be 
affected by the operation’. 

When parathyroidectomy proves fatal this is probably due to the 
severe damage simultaneously done to the thyroid’. Thyroid and 
parathyroids are to be looked upon as a single physiological apparatus, 
the two kinds of tissue being intimately associated embryologically and 
working together physiologically. When the thyroid is removed the 
parathyroids appear capable of functionally replacing it to a certain 
extent and their histological structure changes accordingly. In our 
former paper will be found sketches showing the changes from para- 
thyroid to thyroid. 

In no animals, not even in monkeys, have v we been able to induce 
any swellings of the subcutaneous tissue, which is the most striking 
feature of myxcedema in the human subject. We think therefore that 
the pathology of myxcedema must be more complex than simple thyroid 


insufficiency. 


[The expenses of this investigation were defrayed by grants from the Brit. Assoc. for 
the Advancement of Science (Committee on Ductless Glands), Moray Fund (University of 
Edinburgh) and the Carnegie Trust for the Universities of Scotland.) 


1 The American badger is a purely carnivorous animal. 
2 It is possible that there may be a difference between the results of severe damage to 
the thyroid apparatus and its total removal. | 
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‘THE ESTIMATION OF THE OXYGEN DISSOLVED IN 
SALT SOLUTIONS. By JOSEPH BARCROFT anp 
PHILIP HAMILL. (Three Figures in the Text.) 


(From the Physiological Laboratory, Cambridge.) 


OccasIons arise when it is desirable to study the gaseous metabolism 
of organs whilst they are being perfused with oxygenated salt solutions. 
To provide for such contingencies we have devised a method of 
estimating the dissolved oxygen. 

At first sight it may appear to be a difficulty that the oxygen is so 
small in amount. In the solutions we have used it has varied 
from 2—'5 volumes */, When 10 cc. of saline solution are used 
for the estimation, the actual quantity of oxygen analysed is from 
‘2 cc. to 05 cc. No doubt these small quantities of gas are 
difficult to measure exactly; from the point of view of the present 
investigation however there are compensations which must be set 
against the minuteness of the quantities involved. 

In physiological estimations, the ultimate factor to be sought 
is the difference between the oxygen going to an organ and in 
that leaving it. If the solution contains only 2°/, of oxygen and 
one of these is used up, half of all the oxygen is gone, and a 
relatively rough method of estimation will indicate this. If on the 
other hand the solution had contained 20 °/, of oxygen, only one-twentieth 
would have disappeared, and this would have been difficult to measure 
with accuracy. 

Our method depends essentially upon boiling off the oxygen at 
a very low pressure (about 3 mm. of mercury), and collecting the 
resulting gas in a tube of narrow bore (about 2 mm.). In such a 
tube ‘3 c.c. of gas would yield a cylindrical bubble about 100 mm. in 
length. The gas analysis is performed by noting the change in the 
length of the bubble when exposed in the tube to pyrogallic acid. 

The apparatus is of glass and consists of two portions which fit 
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together by means of a ground joint. The upper of these portions we 
may call the “tube,” the lower the “ bulb.” 

The tube is of three different thicknesses in its three parts. The 
lower portion A is 22 mm. in diameter and 13 cm. in length, it has a 
capacity of about 35 c.c., and the socket B in which it ends is small 
enough for the thumb to fit easily over it, but not smaller. The bore 
of the orifice is 18mm. The middle of the “tube” C is 7 mm. in diameter 
and 30 cm. in length; it has a bore of about 2 mm. This portion is 
graduated in linear millimetres (as shown in Fig. 3) and is subsequently 
calibrated. In one apparatus 1 cm. of the tubing corresponded to a 


_ volume of 0333 ¢.c. The top of the “tube” is drawn off toa capillary D. © : 


Around the lower portion of the “tube” is a bath made of a piece of 
cylindrical glass tubing E, 6 cm. in diameter, mounted upon a cork base. 
This bath has a drainage tube F. 

The bulb consists of a glass sphere 4°5 cm. in diameter into which 
two tubes open. The uppermost H is 18 mm. in bore and ends in 
the stopper. Around this piece of tubing there is a bath K similar to | 
that on the “tube.” From the bottom of the sphere there leads a 


tube L about 1—2 mm. in bore. It is curved as shown in the 


diagram. The horizontal portion of this tube should be just above the 
equator of the sphere. This tube is attached by a piece of rubber tubing 
to a mercury reservoir M. The “bulb” can easily be immersed to half 
its height in a cylindrical bath, which can also be readily removed. 


The process of eatraction. To prepare the apparatus for use the 
following manipulations have to be performed. | 


1. The middle and upper portions of the “tube” are filled with 
boiled alkali (very dilute). A bubble of air is left however near the top 
of the middle portion. This bubble may be about 20—30 mm. in length. 
Its length is carefully noted. The operation of filling the “ tube” is most 
readily performed with the aid of a suction pump by sucking the 
alkaline water up through the capillary end. | 

9. The capillary tube is then sealed off in the blow-pipe. 

8. The “tube” is placed with its large orifice upwards and the 

broad portion A is filled with mercury. The thumb is then placed over 


the orifice B and the “ tube ” is inverted and made to stand in the bath K 
as in a pneumatic trough. | 


4. The “bulb” G, the tubing connected with it, and the bath K are 
filled with mercury. (It is convenient to have a clip round the rubber 
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tubing so that any change in the position of the mercury reservoir may 
not cause the bath to overflow or empty unexpectedly.) 


5. The“tube” is placed on the “bulb.” The rubber is unclipped, the 
mercury reservoir is raised so that the level of the mercury within and 
without the apparatus is the same. 

The worker can, with a little practice, hold the meniscus of the 
mercury in such a position that the bubble of air is the same length as 
it appeared when the “tube” is horizontal. The length of the bubble may 
be termed a. 


6. The mercury reservoir is then lowered and raised once or twice. 
Each time the reservoir is lowered the lower surface of the bubble 
(Fig. 3, 218) will begin to descend whilst the upper surface (Fig. 3, 253) 
will remain stationary. As M gets lower and lower the surface of the — 
alkaline water sinks until it has entirely left the “tube” and is in the 
“bulb.” A short boiling of a minute is given to the water and then the 
mercury reservoir is raised and the length of the bubble is read again 
at the atmospheric pressure after the instrument has stood for a short 
time. The second reading of the bubble may be called 8. It probably 
involves the greatest error in the extraction, and must be treated in 
some detail. | 

The reading 8 is always somewhat in excess of the reading a; this 
excess may be from one of four causes. The first cause is increase of 
temperature due to the boiling of the water. To counteract this the 
apparatus is allowed to stand until the reading becomes constant. 
Secondly the amount of air may be increased by small bubbles which 
have been captured in the apparatus. Thirdly some oxygen and nitro- 
gen have been boiled out of the alkaline water. To minimise the error 
thus introduced the alkaline water is boiled for some time and is put 
hot into the “tube.” Great care must be exercised in this matter, for it 
has been our custom to consider all the gas of the bubble as air. Now 
this boiled-out gas is not air, but about one-third oxygen and two-thirds 
nitrogen. Any great disparity between a and 8 must therefore be 
viewed with suspicion. Were it certain that the whole of the gas 
represented by 8 —a came from the fluid it would be possible to correct _ 
_ exactly for it. As we do not know how much has its origin in the form 
of minute bubbles and how much comes from the solution, the safest 
plan is to reduce the amount of alkaline water to a minimum, filling 
only the middle portion of the “ tube” with it, to boil this thoroughly and 
to count 8—a (which must be small) as air. Fourthly a personal — 
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equation enters into the length of the bubble inasmuch as the meniscus 
of the mercury in M has to be held in such a place that the bubble shall 
be at atmospheric pressure, This point is a trifle above the meniscus 
of the mercury inside the apparatus—just so much as balances the 
) column of water in the “tube.” The exact place can be acquired as we 
. have said above by practice. The error due to personal equation varies 
. with the size of the bubble; it is of advantage to have the bubble as small 


Figs. 1, 2, 3. Fig. 1 represents the whole apparatus with the exception of a portion of 
the rubber tubing which attaches the mercury reservoir M to the ‘‘bulb” G. Figs. 2 
and 8 are portions of the “tube” and its joint on a larger scale. The same parts 
bear the same letters throughout the three figures. 
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as may be; we find 10—20 mm. a good length to aim at. The draw- 
~ back of a bubble smaller than this is that it causes more uncertainty as 
to whether the water above the bubble will remain in the “tube” during — 
the process of exhaustion. 


 %. The “tube” is taken off the “bulb” and made to stand with its 
orifice just underneath the surface of the mercury in the bath K. In 
this position a measured quantity of oxygenated saline solution can be 
passed into it from a burette attached to a small piece of curved tubing, 
the end of which is slipped into the orifice of the “tube.” Ten cubic 
centimetres of oxygenated saline is a convenient quantity for analysis. 


8. The “tube” is replaced on the “bulb” and the manipulations which 
have been already described in §6 are repeated, with the modification 
that the boiling is continued for about ten minutes and that the bath 
E is filled with a freezing mixture of ice and salt. The length of the 
bubble is read and another short boiling is given to the fluid at reduced 
pressure. If the length of the bubble does not increase as the result of . 
this extra boiling, the gas is completely extracted. 


The analysis of the gases. The bubble which was 20 mm. in length 
at the beginning of the. experiment is now greatly augmented. So large 
has it become that there is no longer any possibility of reading its 
length accurately as the apparatus stands, 


9. The “tube” is taken off the “bulb,” the mercury which it contains 
is spilled out and the “tube” is placed in a horizontal position after 
having been played upon by water from the cold tap. The bubble is 
now so large that the temperature changes to which it is exposed 
appreciably affect its length, but we have found that these temperature 
changes may be approximately eliminated by the routine which we 
have mentioned, provided always that after the cold water has played 
upon the “tube” it is left untouched for about five minutes in a large 
room of cool equable temperature. All the subsequent readings to 
which we shall refer are taken after this treatment. The length of the 
bubble at this point (in mm.) we shall call ¥ y- -B oe the gas 
extracted from the salt solution. 


10. At this point a file mark is made near the thin end of the 
“tube,” in the position of the dotted arrow (Fig. 3). A “hood” is then 
placed over the end of the “tube.” The “hood” consists of a piece of 


rubber tubing on which a spring clip is placed, the “hood” is filled 
entirely with water. 
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11. The “tube” is then broken at the file mark, so that the water 
inside the “tube” is brought into contact with the water outside, to the 
exclusion of all air. The orifice of the broken end of the “tube” is the 
capillary. Any pressure on the “hood” causes the bubble to travel 
down the “tube,” but only at a pace which is slow and easily controllable. 


12. The “tube” is now placed with the “ hood ” downwards, and into 
the broad end are placed a few cubic centimetres of alkaline pyrogallic 
acid solution. This solution, made up according to Haldane’s! formula, is 
of so great a specific gravity that it sinks at once to the bubble. Any 
excess of fluid may be poured out. _ 


13. The “tube” is now placed horizontally and the bubble is made 
to travel up and down it, by alternately increasing and relaxing the — 
pressure in the “hood.” It is necessary to perform this operation slowly 
and carefully lest the bubble should separate into two parts. Should it © 
do so it is usually possible to bring them together again; not invariably 
however, nor as a rule without considerable labour. 


In a few minutes, less than ten if the pyrogallic acid is freshly made 
up, all the oxygen will have been absorbed. 


The bubble may now be cooled and read ; this reading is 6. 


Caleulation of results. 
y-5 =the total oxygen =e. 
Bx Es = oxygen in the original bubble = 7. 


¢-—»= oxygen derived from the saline expressed in mm. of the 
tubing. If then U be the volume of 1 mm. of the tubing as determined 
by previous calibration with mercury, and V be the number of c.c. of 
salt solution used, e—1 x 7 the oxygen (saturated with aqueous vapour 
at room temperature and pressure) which was dissolved in 1 c.c. of the 
saline solution. 


Discussion of the accuracy of the method. Unless the method of gas 
analysis is sufficiently accurate, it is clear that the whole method is 


vicious. We have therefore determined the accuracy with which the 


1 This Journal, xxu. p. 465, 1898. 
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oxygen in atmospheric air can be measured by our method. The 
following analyses are those of the air in the laboratory : 


20°6 20°6 20°7 20°8 20°8 %/, 
Nitrogen  79°4 794 79°3 79°2 792% 


In the above table the terms oxygen and nitrogen are not used in 
the strictest sense. The “oxygen” includes the CO, of the atmosphere, 
which is within the limits of error of our method. The “nitrogen” 
includes argon and other atmospheric gases which are not dissolved by 
pyrogallic acid. 

The extreme difference of the five analyses given above is ‘2 of 
oxygen per 100 of air. This difference is much smaller than the errors 
in the extraction of the gas, and therefore we consider this method of 
analysing the oxygen satisfactory for our purpose. 

These analyses were made with a bubble of air about 100 mm. in 
length, the disparity between them corresponds to a difference of 
reading of ‘2 mm. this is as exactly as the eye can read the scale. 

It has been a matter of some interest to us to determine the 
minimum quantity of air which can be analysed with any semblance 
of accuracy by our method. A bubble of air 22 mm. in length and of 
a volume of 073 c.c. appeared to contain 20°5°/, of oxygen, whilst one 
of half this size gave a reading of 19 °/,. : 

The disparity becomes much greater in the case of very small 
bubbles. The probable reason of this error is to be found in the 
fact that the bubbles of air are assumed to be cylindrical, whilst in 
reality they have rounded ends. Each bubble therefore which is 
measured is somewhat smaller than it is accounted to be. Let the error 
at each end be z. If, in an analysis the length of the bubble analysed 
be Z and the length of the bubble of nitrogen be L’, the volume of the 
bubble of air is accounted as LU, of the nitrogen L/U and of the 
oxygen (L-L')U. The percentage of oxygen is therefore accounted to 


be = x 100. But it is in reality ied ble 100. Hence the 


smaller is LU relatively to a, 1c. the smaller the bubble, the smaller does 
e percentage of oxygen appear if # be neglected. 

We pass to the errors in the whole operation of extraction and 
analysis combined. We tested the method by determining the amount 
of oxygen contained in water when saturated with that gas at the 
pressure in which it occurs in the atmosphere. Distilled water was 
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boiled and shaken for ten minutes with air at a temperature of 15°C. 
The results we obtained from three analyses were as follows: 


(1) (2) (3) Ertor °/ 
Quantity of water used 9°00 c.c. 11°40 8°65 
Percentage of oxygen “72 “71 “72 


These figures agree very closely with one another. They are 
considerably higher than the figure calculated from the data of Bunsen 
and Carius, who gave the figure ‘627, but not than the more recent 
determinations quoted in Landolt, Birnstein and Meyerhoffer’s 
Physikalisch-chemische Tabellen, p. 599. The values 3°415°/, and 3°573°/, 
are estimated by Winkler and by Bohr and Bock respectively, for the 
solubility of oxygen in water at 15°C. and 760 mm. These figures corre- 
spond to ‘716 and ‘749 °/, for the solubility of atmospheric oxygen at 15° C. 


As the purpose of our research has been to get a method which is © 
sufficiently accurate to give good comparative results, we have not 
gone further into the cause of the difference between these authors. _ 


It must not be supposed that we consider the figures just given as a 
fair sample of the working error of our apparatus. The analysis of 
water saturated with air is probably the easiest test to which the 
apparatus could be placed, inasmuch as the gases in the water have 
no tendency to alter their composition on standing, or on exposure to 
the atmosphere, and the solution is free from all reducing substances. 
Also it must be borne in mind that the working error of all apparatus 
is somewhat in excess of that indicated by experiments which have no 
ulterior object than to get the best possible result from the apparatus. 


We give two examples taken from researches subsequently performed 
by our method, in which it happened that two samples of oxygenated 
salt. solution were analysed. These are of additional interest as the 
analyses were performed by different observers in different apparatus. 


Percentage Quantity 


Description of oxygen ofsaline Apparatus | Observer Error °%J/» 
| ties 0 fas} 


Incidentally we have made estimations of the nitrogen dissolved in water and in salt 
solutions. Such estimations form a much more searching test of the accuracy of the 
apparatus than do oxygen determinations. This is because any adventitious air gives 
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four times as great an error for the nitrogen as for the oxygen. The following were the 
results which we obtained for the percentage of nitrogen in normal salt solutions, 
saturated with air, in five consecutive analyses: 1°37, 1°41, 1°39, 1°41, 1°44, 1°34, mean 
1°39.. The last figure corresponds to a specific solubility of 1°76 at 17°C. The specific 
solubility of nitrogen in water at 17°C. is given by Winkler as 1°62 and by Bohr and 
Bock as1°72. Two estimations of oxygen in wrated salt solution at 17° C. gave -70 or ‘68, 
corresponding to specific solubilities of 3°23 and 8°34, those given by the above authors 
for water at 17°C. are 3°28 and 8°36 respectively. 


CoNCLUSION. 


It is possible to determine the oxygen contained in about 10 c.c. of 
physiological salt solution within an error of 3—4°/, of the quantity of 
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EXPERIMENTS IN EXAMINATION OF THE ‘LOCKED- 
JAW’ INDUCED BY TETANUS TOXIN. By HERBERT 
E. ROAF, M.D., British Medical Association Research Scholar, 
AnD C. 8. SHERRINGTON. (Four Figures in Text.) 


(From the Physiological Laboratory, of Liverpool.) 


THE following observations were undertaken with the view of examining 
more nearly the nature of the nervous disturbance underlying the 
symptom of ‘locked-jaw’ as induced by the virus of tetanus. We 
have taken as our starting point some observations: obtained by one 
of us in the course of previous experiments with tetanus toxin. | 
The chief of these previous results were in brief: 


(i) That in reflexes of simultaneous double sign (1.¢. reflexes which 
in their execution by antagonistic muscles exhibit inhibition of the 
motor neurone of one muscle concurrently with excitation of the motor 
neurone of the opposed muscle) the tetanus toxin changes inhibition 
into excitation, thus destroying the coordination. 


(ii) That under tetanus toxin excitation of reflex points and 
of the area of the cerebral cortex which normally elicits opening of the 
jaw produces clenching of the jaw instead. 


Our first step has been to examine the movement of the jaw 
produced by excitation of the cortex in regard to its degree of bilaterality. 
All our experiments have been performed under anesthesia. The 
opening of the jaw elicited by stimulation of the cortex is usually 
regarded as of typically bilateral execution» We have examined 
the movement after careful division of the symphysis of the jaw and 
subsequent separation of the muscles along the median line, and final 
freeing of each half of the divided jaw from the tongue and from the 
mucosa of the mouth for a long distance laterally. After this had been 


1 Sherrington, Proc. Roy. Soc. B, 76, p. 269. 
* Economo, Pfliiger’s Archiv, 91, p. 629, 1902. Compare some interesting remarks 
by Beevor and Horsley, Phil. Trans. vol. 185, B. p. 44. 
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done it was found on stimulation of the appropriate region of the cortex 
of one hemisphere that the opening movement of the jaw occurred 
much more readily and extensively in the crossed half of the jaw than 
in the half homonymous. with the hemisphere stimulated. When the 
stimulation of the cortex was not strong, the movement appeared 
confined to the crossed half of the jaw. Moreover, the contraction of 
the muscles opening the jaw appeared unaccompanied by contraction 
of the closing. muscles, the masseter and temporalis. Sometimes it was 
clear that these latter muscles relaxed when the opening muscles were 
thrown into contraction. | 

These observations we made in the small monkey Cercopithecus 
callithria. In this monkey it was often difficult to discover any spot 
of cortex which yielded regularly closure of the jaw, and in some 
cases closure of the jaw was at no time observed throughout an 
experiment. When closure was obtained it was seen as in the case of 
the movement of opening to occur chiefly in the crossed half of the jaw 
and without apparent contraction of the opening muscles. 

_In the experiments previously made by one of us showing conversion 
by tetanus toxin of the area of cortex normally yielding jaw-opening 
into an area yielding jaw-closure, the toxin had been introduced under 
the sheath of a nerve-trunk of the leg or arm. In those experiments 
the jaw was affected late, after local tetanus in the inoculated limb had 
fully developed and when general tetanus was fairly setting in. To 
avoid the general depression accompanying this later stage of the 
malady, an unnecessary aggravation and complication for the purpose 
we have had in view, we have shifted the seat of inoculation to a 
- twig of the facial nerve. Under deep anesthesia a branch of the 
right facial nerve below and behind the parotid gland has been exposed 
and a half milligram of dry tetanus toxin has been placed under the 
sheath of a twig given off from it. The condition of ‘locked-jaw’ has 
then become incipient in the course of about forty-eight hours. This 
condition need not be complicated by any spasm of the limbs even when 
the jaw is fairly intensely affected. It has however been usual for some 
torticollis to develope soon; and some constriction of the palpebral | 
opening of the eye of the same side as’ the inoculation has several times 
been obvious. 

With trismus thus as a local condition in this early stage, we 
have found the cortex of the hemisphere of the side crossed from the 
inoculated facial nerve to show conversion of jaw-opening into jaw- 
closure, as regards the half of the jaw on the same side as the inoculated 
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facial nerve. The movement of the other half of the jaw has still 
remained a movement of opening. Conversely the corresponding cortical 
area of the hemisphere of the same side as the inoculated nerve, e.g. the 
right, has yielded in the left half of the jaw openitig, but has produced 
in the right half of the jaw closure. This it has appeared to.do with 
greater facility than that with which it normally produces opening. 


The uncertainty of obtaining in each experiment a closure of the 
jaw regularly from any point in the small field available as 
‘motor cortex’ in the ordinary small monkeys made desirable an 
examination of the effect in species with more extensively developed 
cortex. We proceeded therefore to an observation on a large fully- 
grown Baboon, Cynocephalus anubis. The plan pursued and the results 
obtained in this animal were as follows : 

The experiment was carried through in three stages. Under deep 
anesthesia the facial area of the ‘motor’ region of the right hemisphere 
was carefully exposed; the dura was reflected laterally and upward. 
The arachnoid was well opened and the subarachnoid fluid drained off 
sufficiently to leave the exposed convolutions free from excessive 
moisture. A scale map of the exposed cortex was prepared and the 
cortex was then explored by unipolar: faradisation. The results 
observed are indicated in Chart 1 A. Opening of the jaw was freely 
obtained from the large area included within the dotted line in the Chart. 
Closure of the jaw was nowhere obtained as a free forcible movement, 
but was occasionally obtained as a fair movement from Points in the 
area enclosed by the broken line surrounding point 5 in the Chart. 
The cortex was then carefully covered again, the dura stitched 
and the wound closed. The whole operation was conducted with strict 
asépsis. This concluded the first stage of the experiment. 


Second stage. Under deep anesthesia a branch of the facial nerve 
to the lower lip was exposed at the back of the parotid gland. This 
was tested by: faradism to guarantee its recognition having been correct. 
Into a little pocket under its sheath one milligram of dry tetanus toxin 
was then inserted. The wound was closed carefully, the whole operation 
being conducted with strict asepsis. The weight of the animal was 
16 kilos. It was an adult female, which had evidently reared young. 
Forty-eight hours after the inoculation signs of ‘locked-jaw’ appeared. 
The animal became unable to open its mouth sufficiently widely to bite 
a small apple, although previous to the inoculation, it had easily seized 
large apples between its teeth and eaten them with free biting. Slight 
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A. Reactions prior to inoculation with tetanus toxin. 
1. Opening of jaw, retraction of tongue. 
2. Opening of jaw, tongue turned to right. 
4. Opening of jaw, retraction of tongue. 
5. Closure of jaw. 
10. Retraction of tongue, slight opening of jaw. 
1l. Opening of jaw, curling of tongue upward especially at tip. 
12. Opening of jaw, followed by masticatory movements. 
17. Slight opening of jaw, followed by movement of fingers. 
81, Extension of wrist, closing of fingers. 
85. Flexion of elbow. 


B. Reactions after inoculation with tetanus toxin and subsequent to appearance of 
symptoms of ‘ locked-jaw.’ 
1, Closure of jaw. 
2. Closure of jaw and movement of tongue. : 
8. Closure of jaw, retraction of left angle of mouth. 
4. Closure of jaw, retraction of tongue. . 
A. Sameas4, 
5. 
6. Same as 5. 
7. Closure of jaw. 
10, Closure of jaw, and flexion of fingers. 
11, Opening of jaw. 
12, Slight closure of jaw. 
15. Closure of jaw and movement of tongue-tip. | 
17. Slight closure of jaw, followed by movement of hand, 
19, Slight closure of jaw and some retraction of neck. 
22. Closure of jaw and retraction of left angle of mouth. 
31, Flexion of fingers, extension at wrist. 
35. Flexion at elbow. 
88. Protraction of arm and some flexion at elbow. 
42, Movement of left side of chest. 
43. Movement of left side of abdomen. 
49, 
52. 
56. 


Flexion at hip. 
Flexion at hip and knee. 
Flexion at hip, knee, and of digits. 
C. Same as in B, except that the reactions are those observed in the left half of the 
lower jaw, after the jaw had been divided at the symphysis. 
1, Opening of left half of jaw, closing of right half of jaw. 
2. Same as 1, but with deviation of tongue to side. 
8. Same as 2. 
4. Same as 1, but with more retraction of tongue. 
A. Same as 4. 
6. Same as 1, with marked retraction of left angle of mouth. 
Same as 1. 
8. Same as 1, but with some retraction of neck. 
11, Same as 1, 


opening of the mouth was still noted at times, especially after wisi 
apparent trials to do so. The ‘locked-jaw’ seemed most marked on the 
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animal’s waking from sleep. The right half of the lower lip felt under 
palpation distinctly firmer than the left half. The right palpebral 
fissure was less open than the left. The head was somewhat drawn 
toward the right shoulder and the chin somewhat turned to the left. 
These palpebral and neck symptoms we had seen occur regularly both 
_ after facial and limb inoculation with the toxin, when tetanus was 
incipient in the head region. It was also noted in this animal that the 
line of junction between the two lower central incisor teeth lay some- 
times distinctly deviated to the left. On palpation of the masseter 
muscle distinct fine tremor was recognisible in the right masseter, but 
not in the left. A fine tremor of this kind we have detected regularly 
in muscular regions affected by the rigidity of tetanus; we have 
noted it in the muscles of the limbs as well as in those of the 


head, and in the cat as well as in the monkey. It has been of | 


help in early recognising the onset of the tetanic condition. 
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CHART 2. ‘Motor’ region of the left hemisphere of the Baboon; natural size. Dotted 
line encloses ‘ opening’ area, and broken line ‘closing’ area as in Chart 1 A,B, 0. The 
reactions were observed subsequent to inoculation with tetanus toxin and development 
of the ‘locked-jaw.’ 

1, Closure of jaw. | 
2. Closure of jaw, retraction of tongue, retraction of right angle of mouth. 


8. Closure of jaw, retraction of tongue, elevation of upper lip, abduction of snout 


from left (snarling, showing canine of right side). 
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5. Closure of jaw. 

6. Closure of jaw, retraction of right angle of mouth, clonic epileptiform movement 

of lower jaw. 

7. Closure of jaw, retraction of tongue. 

8. Slight opening of jaw, protrusion of tongue, followed by retraction of tongue. _ 

11. Masticatory movement but without free opening of jaw, followed by retraction 

of tongue, 

catory movement, 

18. Like 12, 

14, Slight closure of jaw. 

17. Closure of jaw, retraction of angle of mouth. 

18. Same as 17, with some retraction of neck. 

19. Closure of jaw and some retraction of neck. 

Snap-like closure of jaw. 

Retraction of tongue, of of on 
sucking noise, gushing forth of saliva. 

Closure of jaw, retraction 
retraction of neck. 

Closure of jaw. 

Protrusion of tongue and slight opening of jaw. 

Closure of jaw, retraction of neck, depression of tip of snout. 

Slight closure of jaw, lapping movement of tongue inside mouth, depression of 
tip of snout, contraction of sternomastoid on right side, enete: there 
was no perceptible movement of tongue. 

Contraction of right sternomastoid, snarling, occasional closure of jaw, some- 
times some retraction of neck. 

Tip of snout drawn to right: some retraction of neck. 

Contraction of right sternomastoid. 

Tip of snout raised and drawn to right. 

Sternomastoid contraction and retraction of right side of scalp and of right pinna. 

Closure of right eyelid, followed by closure of left. 

Flexion of elbow, wrist and fingers. 

Turning of head to right. 

Flexion of shoulder and elbow, extension at wrist, 

Flexion at shoulder. 

Extension at wrist and lifting of shoulder. 

Movement of right side of chest. 

Movement of right side of abdomen. 

(Two x) movement of eye-balls to right. 

(Two x) movement of eye-balls to right. 

Flexion at hip and knee. 

Flexion at knee, then at hip. 

Same as 98. | 

of thle of 


After division of the jaw at its symphysis points 1, 2, 8, 5, 6, 7, 14, 17, 18, 19, 20, 21, 
22, 28, 27, 28, all gave closing of the right half of the jaw and opening (often weak) of the 
left half. Bilateral stimulation, e.g. synchronous stimulation of point 1 in the left hemi- 
sphere (Chart 2) and point 2 in the right hemisphere (Chart 1), produced similarly closure 
of the right half of the divided jaw together with opening of the left half. 
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The third stage of the experiment was then proceeded to. The 
animal was anzsthetised : under anssthesia after disappearance of the 
conjunctival reflex the tremor in the right masseter still remained 
palpable. The jaw was found distinctly more resistant to passive 
opening than is usual under anesthesia in normal monkeys: it did not 
drop into a half-open position as it had at the similar operation on this 
animal in the first stage of the experiment. The motor region of the 
- cortex of the left hemisphere was then freely exposed, the subarachnoid 
fluid evacuated, a scale map (Chart 2) drawn of the bared convolutions, 
and the cortex explored by unipolar faradisation. The results obtained 
are indicated in Chart 2. These may be summarised by saying that as 
regards the jaw-movements their contrast. with the ‘findings in the 
corresponding part of the opposite hemisphere prior to inoculation was 
marked. In the present examination jaw-opening was obtained only 
from the extreme lower edge of the jaw-area, in the situation included 
in the Chart between the broken line and the dotted line and containing 
among other points those marked 8, 11, and 24 in the Chart. Even as 
elicited from that small and reduced area the opening of the jaw was 
not free. It was accompanied usually by protrusion of the tongue with 
some curling of the tongue-tip. On the other hand jaw-closure was 
obtained as a sharp forcible movement repeatedly and regularly from 
the extensive area enclosed by the broken line in Chart 2, an area many 
- times as extensive as that which had yielded jaw-closure in the opposite 
cortex prior to the inoculation with the toxin. 

The right hemisphere, namely that which had been explored prior to 
the inoculation, was then laid bare and similarly explored by faradisation. 
Instead of yielding jaw-opening as it had done on the previous occasion, 
it now yielded jaw-closure (Chart 1 B) except for a lowermost small 
field marked between the dotted and broken lines in the Chart and 
containing among other points examined that numbered 11 in the Chart. 

The lower lip and the symphysis of the lower jaw were now carefully 
divided in the median line. The halves of the divided jaw were liberated 
further one from another by free division of their muscles along the 
median line, and each half was in addition well liberated from the tongue 
by incision of the mucosa and muscles at the base of that organ for a 
considerable distance on either side. It was then seen that the left half of 
the jaw under the deep anzsthesia hung open by its own weight, but that 
the right half remained nearly closed. The left hemisphere was then 
re-explored by faradisation. The movement of the jaw obtained was 
then found to be closure of the right half of the jaw not accompanied 
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by closure of the left half, and occasionally accompanied (eg. at point 18 
Chart 2) by opening of the left half. 


The right hemisphere was then once more re-explored by faradisation. 

The movement of the jaw obtained was found to be sharp closure of the 

right half, frequently accompanied by good opening of the left half. 
The two hemispheres were then explored in the jaw areas by concurrent 
stimulation of both right and left cortices together. Thus point 1 in 
the left hemisphere (Chart 2) was stimulated concurrently with point 1 

in the right hemisphere (Chart 1). The movement of the jaw so 
obtained was strong closure of the right half of the jaw concurrently 
with good opening of the left half of the jaw. Concurrent stimulation 
of point 11 in the right hemisphere (Chart 1) with point 11 in the left 
(Chart 2) gave however bilateral opening of the two halves of the jaw, 
though more widely of the left half of the jaw than of the right. 

Finally 2:3 c.c. of a }°/, solution of strychn. hydrochlor. were injected 
into a small vein in the leg, and the right cortex once more explored 
by faradisation. A change soon became evident in the cortical reaction 
in regard to the left half of the jaw: the reply became jaw-closure, often 
with some abduction from the median line. The last remnant of normal 
cortical jaw-opening still persisting unreversed by the tetanus toxin 
was thus reversed by the strychnine. 


It seemed desirable to extend the observations to an ape of anthro- 
poid species on account of the more extensive field of cortex there 
available and the closer applicability of the results to man. We were 
fortunate in securing a well-grown Orang-utan for this purpose. The 
plan of observation followed resembled that adopted in the above 
experiment on the Baboon. 

The animal (Simia satyrus) weighed 31 kilos. . The brain (cerebrum 
and cerebellum together, without the bulb) weighed post mortem, after 
blood had drained from it, 306 grams. The animal was tame and 
allowed free handling of the lips and jaws. : 


First stage. Under full anzsthesia the facial area of the ‘motor’ 
region of the cortex of the right hemisphere was exposed with strict 

_ asepsis, and was explored by faradisation as in the experiment on the 
Baboon. The functional topography found is indicated in Chart 3 A. 
A distinct though quite limited region of cortex yielding jaw-closure 
was discovered. This lay further forward and higher up than, for the 
most part, the much more extensive area which yielded jaw-opening. In y ’ 
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12. Opening of jaw, retraction of tongue. 
13. Same as 12. 
15. Opening of jaw, retraction of tongue, retraction of left angle of mouth. 
17. Closure of jaw followed by opening of jaw, retraction of left angle of mouth. 
18. Opening of jaw, retraction of left angle of mouth. 
Closure of jaw, followed by very slight opening of jaw, slight closing of left eye. 
Opening of jew, retesction of left angle of mouth, closure of left eye. 
Same as 21. 

of jaw, retraction of left of mouth, retraction of and 
Opening hich angle tongue, 


Slight opening of jaw, retraction of left angle of mouth, protrusion of tongue. 
Flexion of elbow and then of fingers. 

Turning of eyeballs to left. 

Flexion of thamb. 

Unilateral movement in left side of chest. 

Unilateral movement in left side of abdomen. 

Flexion of hip and knee. 

Flexion of knee and hip. 

Extension of wrist and fingers. 

Turning of head to left. 


Reactions of the right half of the lower jaw subsequent to inoculation with tetanus 
toxin, at an early stage of the onset of the symptom of ‘ locked-jaw.’ 


1. Closure of lips, slight opening of jaw, retraction of tongue. 


7. Closure of lips, opening of jaw. 

8. Retraction of tongue, opening of jaw. 

10. Retraction of left angle of mouth, closure of right half of jaw. 

1l. Retraction of tongue, closure of right half of jaw. 

12. Retraction of tongue, opening of jaw. 

13. Opening of jaw, retraction of tongue. 

14. Closure of right haf of jaw, opening of left, retraction of tongue. 

15. Retraction of tongue, opening of left half of jaw. 

17. Closure of jaw, followed by masticatory movement. 

Closure of right half of jaw, no movement in left half. 

Same as 18, 


Same as 21. ; 

Retraction of left angle of mouth, closure of right half of jaw. 

Retraction wt > ull closure of right half of jaw, with slight 
opening of left 

Turning of eyeballs to left. 

Flexion of thumb and extension of wrist. 

Unilateral retraction of left side of chest. 

Flexion of hip and knee. 

Flexion of hip and knee. 

Extension of wrist and fingers. 

Retraction of neck. 

Retraction of neck. 
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Chart 3 A the jaw-closure area is enclosed as in Charts 1 and 2 by an 
interrupted line, the jaw-opening area by a dotted line. It must not 
be supposed however that the findings either in this animal or the 
Baboon indicated a sharp line of demarcation between the areas of jaw- 
opening and jaw-closure such as is introduced into the Chart. The 
actual results merely showed that inside the region enclosed by the 
broken line jaw-closure was the predominant, or in the focal part of | 
the area the exclusive result, whereas elsewhere jaw-opening was the 
predominant or exclusive result. The observations obtained were © 
satisfactorily concordant with those noted in the Baboon, but the 
surface of cortex yielding jaw-movement was found as expected 
much larger than in the Baboon, and the association of the jaw- 
movement with other movements differed in various respects from that — 
seen in the Baboon: this is evident in the records of movements 
obtained at the specific points noted in the Charts and mentioned in 
the descriptions attached to them. After the cortex had been explored 
the dura was carefully stitched, and the wound closed under full asepsis. 


Second stage. Under deep anesthesia and with precautions for 
asepsis the branch of the facial nerve supplying the lower lip was 
exposed as it entered the parotid gland. This was faradised to ensure 
its identity. Under the sheath of a small branch was carefully inserted 
1 milligram of the dry tetanus toxin. The wound was then duly closed- 
under full asepsis, 


Third stage. Fifty-six hours after the inoculation, the animal, 
showing at the time slight signs of ‘locked-jaw,’ the incipient symptoms 
not being so marked’ as they had been in the case of the Baboon, was 
fully anzsthetised, and the ‘motor’ area of the left hemisphere was 
exposed. The subarachnoid fluid was sufficiently evacuated and the 
exposed cortex was then explored by faradisation. The large area of 
the precentral gyrus included in Chart 4 within the interrupted line 
was then found to yield'closure of the jaw. This area corresponds in 
_ its topography approximately with the area which in the right hemi- 
sphere prior to inoculation with tetanus toxin (Chart 3 A) had yielded 
jaw-opening, except that this area does not extend so far down the ~ 
gyrus (g. precentralis). A considerable field (enclosed in Chart 4 


2 It is interesting to note that in our experiments we have not seen the risus sardonicus 
as a symptom, although the facial nerve was inoculated and although it has been seen by 
one of us in previous experiments on small monkeys when a limb-nerve was the seat of 
inoculation. 
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between the broken line and the dotted line) still yielded jaw-opening 
under unipolar faradisation of its points. Above the area yielding jaw- 
closure and immediately abutting on it was a small area, ¢g. about 
point 63 Chart 4, which yielded retraction of the neck. In the area 
which yielded jaw-closure jaw-opening was occasionally elicited at 
scattered points, but this was exceptional. The scattered points at 
which this sometimes occurred lay for the most part near the edges 
of the field demarcated for jaw-closure. That the lower fraction of 
the jaw-area which still yielded jaw-opening predominantly was larger 
in proportion to the whole jaw-area than had been the case in the 
Baboon after inoculation may have been due to the examination of the 
cortex being undertaken at an earlier stage of the development of the 
‘locked-jaw’ in this experiment than in that on the Baboon. 

The cortex of the right hemisphere was then exposed and examined 
by faradisation. The results observed are illustrated by Chart 3 B. 
They resembled those obtained from the corresponding area of the left 
hemisphere, and stood in striking contrast against the results obtained 
from the self-same area of cortex prior to the inoculation with the toxin. 
The appearance presented by the Chart 3 B would however give an 
impression that the reactions now obtained from this right cortex were 
more like those obtained from the corresponding left cortex than in fact — 
they were. Although in both cortices the larger part of the jaw-area, 
as shown, yielded jaw-closure predominantly instead of the normally 
predominant jaw-opening, yet from this right cortex during the course 
of the examination jaw-opening was occasionally and irregularly obtained 
less unfrequently than it was from the corresponding left cortex. In 
short the replacement of jaw-opening by jaw-closure seemed less 
complete for the right cortex than for the left. In the right cortex as 
in the left there existed a small area which yielded retraction of the 
neck. 

The lower jaw was then carefully divided at the symphysis and each 
half of it freed as in the previous experiments. The right and left 
cortices were then re-examined by faradisation. The left cortex was . 
found to yield closure of the right half of the jaw without movement 
of the left half, or occasionally with opening of the left half, when the 
point stimulated lay within the area enclosed by the interrupted line of 
Chart 4. In the area below that the movement resulting was opening 
of the jaw, not unfrequently bilateral though more marked in the right 
half of the jaw. The right cortex was found to evoke closure of the 
right half of the jaw with opening of the left half in all that area 
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Chart 3 A the jaw-closure area is enclosed as in Charts 1 and 2 by an 
interrupted line, the jaw-opening area by a dotted line. It must not 
be supposed however that the findings either in this animal or the 
Baboon indicated a sharp line of demarcation between the areas of jaw- 
opening and jaw-closure such as is introduced into the Chart. The 
actual results merely showed that inside the region enclosed by the 
broken line jaw-closure was the predominant, or in the focal part of 
the area the exclusive result, whereas elsewhere jaw-opening was the 
predominant or exclusive result. The observations obtained were 
satisfactorily concordant with those noted in the Baboon, but the 
surface of cortex yielding jaw-movement was found as expected 
much larger than in the Baboon, and the association of the jaw- 
movement with other movements differed in various respects from that 
seen in the Baboon: this is evident in the records of movements 
obtained at the specific points noted in the Charts and mentioned in 
the descriptions attached to them. After the cortex had been explored 
the dura was carefully stitched, and the wound closed under full asepsis. 


Second stage. Under deep anesthesia and with precautions for 
asepsis the branch of the facial nerve supplying the lower lip was 
exposed as it entered the parotid gland. This was faradised to ensure 
its identity. Under the sheath of a small branch was carefully inserted 
1 milligram of the dry tetanus toxin. The wound was then duly closed 
under full asepsis. 


Third stage. Fifty-six hours after the inoculation, the welinad 
showing at the time slight signs of ‘locked-jaw,’ the incipient symptoms 
not being so marked? as they had been in the case of the Baboon, was 
fully anesthetised, and the ‘motor’ area of the left hemisphere was 
exposed. The subarachnoid fluid was sufficiently evacuated and the 
exposed cortex was then explored by faradisation. The large area of 
the precentral gyrus included in Chart 4 within the interrupted line 
was then found to yield closure of the jaw. This area corresponds in 
- its topography approximately with the area which in the right hemi- 
sphere prior to inoculation with tetanus toxin (Chart 3 A) had yielded 
jaw-opening, except that this area does not extend so far down the ~ 
gyrus .(g. precentralis). A considerable field (enclosed in Chart 4 


1 It is interesting to note that in our experiments we have not seen the risus sardonicus 
as a symptom, although the facial nerve was inoculated and although it has been seen by 
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between the broken line and the dotted line) still yielded jaw-opening 
under unipolar faradisation of its points. Above the area yielding jaw- 
closure and immediately abutting on it was a small area, eg. about 
point 63 Chart 4, which yielded retraction of the neck. In the area 
which yielded jaw-closure jaw-opening was occasionally elicited at 
scattered points, but this was exceptional. The scattered points at 
_which this sometimes occurred lay for the most part near the edges 
of the field demarcated for jaw-closure. That the lower fraction of 
the jaw-area which still yielded jaw-opening predominantly was larger 
in proportion to the whole jaw-area than had been the case in the 
Baboon after inoculation may have been due to the examination of the 
cortex being undertaken at an earlier stage of the development of the 
‘locked-jaw ’ in this experiment than in that on the Baboon. — 

The cortex of the right hemisphere was then exposed and examined 
by faradisation. The results observed are illustrated by Chart 3 B. 
They resembled those obtained from the corresponding area of the left 
hemisphere, and stood in striking contrast against the results obtained 
from the self-same area of cortex prior to the inoculation with the toxin. 
The appearance presented by the Chart 3 B would however give an 
impression that the reactions now obtained from this right cortex were 
more like those obtained from the corresponding left cortex than in fact _ 
they were. Although in both cortices the larger part of the jaw-area, 
as shown, yielded jaw-closure predominantly instead of the normally 
predominant jaw-opening, yet from this right cortex during the course 
of the examination jaw-opening was occasionally and irregularly obtained 
less unfrequently than it was from the corresponding left cortex. In 
short the replacement of jaw-opening by jaw-closure seemed less 
complete for the right cortex than for the left. In the right cortex as 
in the left there existed a small area which yielded retraction of the 
neck. 

The lower jaw was then carefully divided at the symphysis and each 
half of it freed as in the previous experiments. The right and left 
cortices were then re-examined by faradisation. The left cortex was . 
found to yield closure of the right half of the jaw without movement 
of the left half, or occasionally with opening of the left half, when the 
point stimulated lay within the area enclosed by the interrupted line of 
Chart 4. In the area below that the movement resulting was opening 
of the jaw, not unfrequently bilateral though more marked in the night 
half of the jaw. The right cortex was found to evoke closure of the 
right half of the jaw with opening of the left half in all that area 
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enclosed by the interrupted line in Chart 3 B. This result was more 
constant than had been the jaw-closure obtained previous to the 
separation of the jaw into two halves. 

Finally, concurrent stimulation of both right and left cortices in the 
jaw-area was made. This produced strong closure of the right half of 
the j by opening of the left half. 


CHART 4. Left ‘motor’ area of Orang-utan ; natural size. The areas of jaw-closure 
and jaw-opening indicated as in previous Charts, O—C as before. Reactions taken 
subsequent to inoculation with tetanus toxin, and without division of the symphysis. 

of right angle of mouth. 

8. Closure of jaw, retraction of right angle of mouth, and deviation of tongue to 
right. 

9. Closure of jaw, jaw drawn to right, closure of lips, and turning of neck to right. 

10. Closure of jaw followed by opening, closure of lips, retraction of tongue. 

12. Closure of jaw, jaw drawn to right, neck turned to right, retraction of right 
angle of mouth. 

\ 14, Closure of jaw, jaw drawn to right, tongue retracted, right eye closed. | 

16. 

and of tongue. 

17. Like 16, 

18, Like 16 except that no closure of eye. 

Opening of jm of right angle of mouth, clear of lips, 
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Like 16, except that closure of jaw is stronger. 

Like 18, except that closure of jaw is stronger. 

Like 25. 

Closure of jaw, retraction of right angle of mouth, then opening of jaw with 
protrusion of tongue. 

Turning of eyes to right. 

Closing of jaws and curling of tongue. 

Opening of jaws and curling of tongue. 

with of lips and peshing forward of tongse, followed 
by movement of mastication. 

Opening of jaw, protrusion of tongue, followed by retraction of tongue. 

Extension of fingers. 

Flexion of elbow. 

Retraction of head ; closure of right eye. 

Closure of right eye; depression of neck to right. 

Extension of wrist, flexion of fingers, flexion of elbow. 

Flexion of hip. 

Extension of toes, flexion of ankle. 

Flexion of toes, flexion of ankle, flexion of hip. 

Flexion of elbow. 

Flexion of ankle, knee and hip. — 

Extension of wrist and index finger. 

Eyes turned to right. 


In these experiments the ‘motor’ cortex outside the facial region 
exhibited in its reactions no clear departure from the normal, except 
that a small area next above the facial yielded retraction of the neck. — 
Retraction of the neck is not a movement usually elicitable from the 
cortex, and one of us has previously noted’ its undue prominence as a 
cortical reaction in smaller monkeys after inoculation with tetanus 
toxin. During the whole course of the experiments there did not 
seem to be any pain or tenderness accompanying the onset or ' progress 
of the symptoms. 


BRBBE 


So far as we are aware the ‘motor’ cortex has not in Cynocephalus 
anubis (the Baboon) been previously examined for its reactions. Com- 
ment on the results we obtained from it may therefore be of interest. 
In the Charts 1 and 2 are marked certain points serving as land-marks 
in the functional topography of this cortex as observed in our experiment 
upon it. The movements obtained at these land-mark positions are 
mentioned in the descriptions furnished to the Charts. The topography 
was found to accord with that found by so many observers in the 
smaller monkeys (Macacus, Cercopithecus, etc.) subject to the modifica- 


1 Proc. Roy. Soc. B. 76, p. 296, May, 1905. 
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tions in that topography noted by A. 8S. Griinbaum and one of ourselves 
_ in experiments upon the anthropoid apes. In the Baboon examined 
we found motor reactions elicitable from the whole length of the 
precentral gyrus, but we failed to obtain motor reactions from any part 
of the free surface of the postcentral gyrus. Certain of the movements 
we obtained seemed characteristic of the Baboon cortex as contrasted 
with other types. One such movement was raising of the tip of the 
snout (Chart 2, point 53). Another was turning of the tip of the snout 
to the opposite side (Chart 2, point 46). In the Gorilla A. S. Griinbaum 
and one of ourselves have seen movements of the nostrils elicited from 
the cortex, but those movements were not so extensive nor of quite the 
same character as those observed in the Baboon. Another well-marked 
reaction consisted in a drawing forward of the whole of one side of the 
scalp so that the scalp even pressed on the upper eyelid of that side: 
the movement was crossed to the side stimulated. | 
_ In all of the three types examined (Cercopithecus, Cynocephalus, and 
Simia) the opening of the jaw elicited from either side of the cortex 
appeared, when the faradism was not strong, to be a crossed unilateral 
effect, or, with stronger stimuli, a bilateral effect with marked predomi- 
nance on the crossed side. This indicates clearly that the opening of the 
jaw obtained thus by stimulation of one cortex is a fractional movement, 
engaging a part merely of the neural mechanism which operates when 
the jaw is opened naturally, and the inference follows that the natural 
movement is directed simultaneously from both right and left cortices. 


SUMMARY OF RESULTs. 


1. In the monkey, after division of the lower jaw at its symphysis, 
stimulation of the jaw-area of the cortex causes opening chiefly of the 
crossed half of the jaw. If the cortical stimulation is not strong this 
opening of the crossed half of the jaw is unaccompanied by obvious — 
movement of the homonymous half. — 


2. In the Orang-utan and Baboon closure of the jaw can = elicited 
with considerable constancy from a small area in the front part of the 
gyrus precentralis at a level considerably above the level of the lower 
end of the central fissure, but well below the brachio-facial genu of that 
fissure. The area of cortex yielding jaw-closure is much less extensive 
than is the area which produces jaw-opening. 
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3. After inoculation of the facial nerve with tetanus toxin in these 
animals a marked change occurs, as previously noted in smaller monkeys 
(C. S.&.), in the movement elicitable from the jaw-area of the cortex. 
The area yielding jaw-opening has its resultant reaction altered to jaw- 
closure. This change we find however confined, in the early stage of 
the intoxication examined, to that half of the jaw belonging to the same 
side as the facial nerve, the seat of inoculation; that is, the lock-jaw is, 
for a period, a unilateral affection. 


4. The threshold of reaction of the part affected by the tetanus 
toxin, ¢.g. the neuro-muscular apparatus closing the half of the jaw on 
the side corresponding with the facial nerve inoculated, seems distinctly 
lowered to cortical stimuli. But nothing has come under our observa- 
tion to controvert the inference drawn by one of us from his previous 
observations on the ‘motor’ cortex under tetanus, namely, that the changes 
then met with in the functional reactions of the cortex offer no evidence 
that the cortex itself is affected by the toxic agent, at least in the stages 
examined in the experiments. The changes in the reactions obtained 
from the cortex seem explicable by changes in the condition of lower 
centres upon which the ‘motor’ cortex acts. : 


5. In the Baboon, Cynocephalus anubis, the ‘motor’ cortex yields 
certain facial movements not obvious in other types. 


~* We desire to express our cordial thanks to Dr Ludwig Mond, F.R.S., for enabling us 

by purchase of an Orang-utan to extend the observations to the anthropoid brain. The 
expense otherwise entailed for the material used was in large part met by a grant kindly 
allowed us by the British Medical Association. 
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CORTEX AND MEDULLA IN THE SUPRARENAL 
GLANDS. By T. R. ELLIOTT, George Henry Lewes 
Student, anD IVOR TUCKETT. (Plate I. and 4 Figures 


in Text.) 
(From the Physiological Laboratory, Cambridge.) 
CONTENTS. 
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Despite the closeness of the structural relationship between cortex 
and medulla in the suprarenal gland, it is customary to ascribe to each 
a very different morphological origin; and this distinction has often 
suggested that in the one and the other reside physiological activities 
that are entirely separate. The medulla has been proved to be a 
storehouse of adrenalin, but the function of the cortex? is as yet altogether 
unknown. Several writers have indeed urged that the cortical cells are 
not of first importance to. life, and that it is simply the loss of the 
medulla which determines death when the glands have been excised. 


1 Abelous (Abelous, Soulié, and Toujean, Comptes rendus Soc. de Biol, ivi. 
pp. 533 and 574. 1905) avers that adrenalin may be extracted from the cortex too, after it 
has been submitted to the action of various autolytic products, chiefly those from striped 
muscle, 

An opinion continually advocated—it is that underlying for example Ohvostek's 
article (Ergeb. aligem. Path. 1905, p. 248) on the pathology of the 
to the cortex the duty of neutralising various toxins. A definite experiment on this point 
was published by Myers (British Medical’ Journal, 1898, p. 946), to show that suprarenal 
extract can neutralise cobra poison, The suprarenal glands of the guinea-pig are 
especially and gravely injured in diphtheria poisoning, Mr Noon of the Lister Institute 
_ kindly made some experiments for us on this question: he could find no proof of the 
neutralisation of diphtheria toxin by suprarenal extract, 
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Our observations do not directly touch the main question, but are . 
concerned rather with a histological enquiry into the relationship of 
cortex to medulla in the growth of the gland, both in adolescence and 
in compensatory hypertrophy. For this purpose cortex and medulla are 
treated as two separate tissues. The latter was always identified by the 
yellow stain given to its cells by mixtures containing chromic acid. 
The intensity of this stain corresponds with the amount of adrenalin 
that can be extracted from the gland, and varies with states of functional 
activity. At times the cells may be completely discharged of all yellow - 
hue. Such conditions are very abnormal; but to guard against their 
introducing an error, in each series of sections we also checked the value 
of the yellow tint by examining the tissue with a higher power and 
observing whether the stain included all the medullary cells. 


I. THE SUPRARENALS IN DIFFERENT ANIMALS. 


The subjoined list of the weights of the suprarenals of various 
animals will show how that of the guinea-pig differs from the rest. The 
observation is av old one of Cuvier; and Pettit? states that this animal 
and its wild relation, the Calogenys paca of Brazil, have relatively the 
largest suprarenal of any animal. The great size is simply due to an 
exaggerated growth of the cortex. Transected, a fresh normal gland 
presents a yellowish rind enclosing a dark brown mass that may occupy 
four-fifths of the whole surface: but this is not all medulla. Swale 
Vincent® regarded it as such, believing that the “chromogen of the 
medulla is developed into a pigment.” But the characteristic yellow 
stain with chromates is shown only by a thin strip in the centre, a strip 
which in the fresh tissue appears as a translucent pinkish grey in contrast 
with the pigmented mass of the cortex. The medulla is actually of 
small bulk, and bears much the same relation to the body weight of the 
animal as does that of the rabbit, cat, or dog. Moreover the amount of 
adrenalin that can be immediately extracted from a guinea-pig’s gland 
is roughly what would be expected from the small size of the central 
area. 


1 Lecons @anat. comp. Vol. vm. p. 678. 1846. 

2 Journal Anat. et Physiol. xxx. pp. 301 and 367. 1896. Pettit describes the 
anatomical relations of the glands in a large number of species, but gives no weights 
and does not distinguish the medulla by the chromate test. His paper includes a full 
bibliography of the earliest work. ) 

% Internat. Monateschrift f, Anat. u. Physiol. xv. p. 24, 1898, 
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Cuvier, contrasting the suprarenals with the kidney and not giving 
the actual weights of either, stated that at the other end of the scale the 
gland is far the least in the seals. That is certainly so on the scale 
of ratios chosen by him, for the multilobulate kidney of the seal is very 
large. But referred to the bulk of the body, the suprarenal does not 
present any curious deficiency, for it is fully as large as that of the dog 
with perhaps a greater cortex than the latter. | 


The left gland of a young male of about 8 feet length weighed °435 gm. while wet with 
the methylated spirits in which it had been preserved : the right gland, which could not 
be removed as the animal was a museum specimen, was a little less. Professor D'Arcy 
Thompson of Dundee kindly obtained for us a full grown female Phoca vitulina, 26 kilog., 
and of this the fresh glands together weighed 2°6 gms. The two glands of a collie bitch of 
16,250 gms. weighed only 1°43 gms. 

The suprarenal glands named in the following list were carefully freed from fat and 
connective tissue, and then weighed. In addition the weight of the spleen is recorded in 
many animals, because the one of us (T.R.E.) who collected the measurements was inclined 
to associate the extraordinarily small size of this organ in the rabbit with a general low value 
for all herbivores. The generalisation is untrue; but the numbers are printed, as they 
may be of value for future reference. The spleen was weighed with the blood squeezed 
out as far as possible. No correction is made in the percentage for the mass of food in 
the alimentary canal, which is of course huge in the herbivores. 


From a glance down the last column expressing the spleen as a percentage of the body 
weight, it will be seen that the average figure is ‘2°/,. This is usually exceeded by the 
dog, and especially by the rat and ferret (up to °7"/,). The domestic cat is generally 
rather less. Of non-carnivores the macaque and the guinea-pig are below: but the goat 
and sheep stand as high above as does the dog. Therefore the extraordinary aplasia of 
the rabbit’s spleen, -05°/,, is a feature peculiar to that animal, being perhaps related to 


the exaggeration of the intestinal lymphoid tissue. The largest spleen observed was in 


the Ornithorhyncus, where a quite enormous overgrowth doubles back from the left side 
to the middle of the abdomen giving the whole a (J-form. This development occurs after 


By the following table it is seen that, except in the fowl, the glands 
increase in size as the body grows. This has been fully illustrated in 
the case of the guinea-pig by the lists of Langlois and of Alezais (see 
above), the latter endeavouring to correlate the increase with that of 
the somatic musculature. Sections reveal the striking fact that the 
enlargement is almost solely of the cortex. Thus the transverse 
section of a gland weighing 06 gm. from a } guinea-pig of 15 days age 
and 125 gms. weight showed an area of medulla that had a different 
enveloping contour, but was of almost identical extent with that from a 
gland, ‘171 gm., of an adult ? of 450 gms., in which the cortex had 
increased more than threefold. _ 
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RPE 
English Guinea-pig. 
? 125 063 059 122 #0975 — — 
Medulla of left gland 
4 weeks 9 207 #0651 — — 
223 045 — — 
388 204 167 ‘371 096 
Early pregnancy, with — 
fetuses = 500 gms. 460 ‘276 255 631 ‘106 _ 
Few hours after par- 
610 ‘186 — 615 
620 254 582 ‘004 
Medulla of left gland 
=°005 gm. 795 638 418 956 12 


The left is always greater than the right. Throughout life the glands enlarge; b 
shortly after adolescence those of the female greatly outstrip those of the male of corre- 
sponding body weight, until the latter, as an old buck, regains equality. 


French Guinea-pig. 


? 405 178 — 
? 485 63 13 — 
? 610 — one 
Langlois! gives a much lower-weight as that of the two glands together, namely 
And Alezais?* gives the weights on an average as 
200 to 
400 to 
600 to 


"Phe higher weights of our list he would probably ascribe to disease; but there seems 
to be a real distinction in this respect between different breeds of guinea-pigs. , 


1 Arch. Physiol. norm. et path. 1897, p. 152. 2 Ibid. 1898, p. 450. 


° 
4 
> 
§ B} 
a 
4 
3 
4 
¥ 
4 
Q 
7 
q 
> 
q 


336  T. R. ELLIOTT AND I. TUCKETT. 


Ps 


0 


8070 
8950 


17 08 
— 62 141 ‘045 


Stilling’s? measurements gave very similar results, a mean percentage of “01 of the 
body weight with, however, wide variations from this mean in the numerous individuals 


that he examined. 


The enlargement in the female should be noted. In the chief instance, 2365 gms., the 
chromaffine stain of the medulla was very light, and all the cortical cells contained fat but 
no doubly refractive substance. Gottschau® affirmed that in pregnant rabbits the gland, 


and especially the medulla, is decreased : 
? 400 
3 450 
3 475 
6 weeks old é 480 
485 
Medulla of left gland 
=-0116 gm. 1170 
1190 
13 weeks ¢ 18380 
3 weeks after birth of 
1 kitten 1800 
With 5 fetuses 
= 2470 gms. ? 2040 
With 4 fetuses 
= 2350 gms. 2200 
2235 
2 2850 
Young 2425 


his data are insufficient for criticism. 


065 818 


| 
| 


1°09 27 
2 


147 
222 
125 
‘171 


Blige 8 Sgi 
8 & 

| 

| 


145 — — 


1 Archiv f. mikr. Anat, u11. p. 176. 1898, 
? Sitzungsber. phys. med. Gesellschaft, Wiirzburg, 1882, p. 59. 
8 Including accessory of ‘0165 gm. 


: 
Rabbit. 810 
q Medulla of left gland 
4 = 0026 gm. 860 
Medulla of left gland 
3 =-004 gm. 910 
3 Medulla of each gland 
1010 
1485 09 i104 199 O18 — — 
A Medulla of each gland 
4 = “004 gm. 2085 091 082 ‘1783 — 
2250 ‘16 
Old, with fetuses 
= 2550 gms. 2365 “28 
3 2480 145 
Pregnant 
‘285 
7 
3 062 
“072 
078 
q 06 
3 117 
q 167 
162 
4 4 
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With fetuses @ 2550 191 25 #89 0166 — 
= 8070 gms. 2570 - ‘152 176 #838 018 — 
¢ 8000 -242 988 62% 017% — 
Medulla of right gland 
=°0095 gm. ¢ 8400 ‘148 OHH 
Medulla of left gland 
=°0255 gm. ¢ 8470 -302 
9 years old ¢ 3500 189 168 ###<3847 #+#010 7 
¢ 8600 ‘179 206 88 0107 — dene 
With fetuses 
= 4250 gms. ¢ 8600 298 
After lactation 5 018 671 °18 


4300 ‘276 288 564 018 — 


The right gland is almost invariably heavier’ than the left. As in the guinea-pig and 
rabbit, the glands are generally heavier in the adult female than in the adult male. 


Medulla of left gland 
? 160 °0225 — 
Pregnant ? 165 0255 0245 05 033 
Medulla of left gland 
=0018 gm. 199 02146 — 
3 190 ‘012 012 024 ©0125 42 
Not pregnant ? 210 03 055 026 1°05 5 
215 0205 #0385 ###j479 ‘225 
810 011 023 0075 1°27 “4 
Ferret. 865 036 04 076 48021 1°41 “89 
¢ 660 041 042 "58 
630 076 «= "27 
660 — 079 012 2°77 “42 
Dog. ¢ 8750 = — 19 021 26°79 81 
Young 9200 “44 58 1:02 O11 20°75 ‘22 
Young 10000 -79 59 014 36°7 ‘87 
Irish terrier ¢ 11750 ‘49 494 984 0085 — 
Young collie ¢ 11350 — “712 — 81 275 
of left 
Young collie ¢ 16250 ‘674 756 1°48 009 35 215 
Seal. 
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hha 


Ill, glands exhausted ¢ 2180 — 0127 ‘81 
Fowl. 

Black Minorca chicken ¢ 9865 045 046 O91 ‘Ol - ~ 

8 months old ¢ 1460 08 081 161 Ol — _ 

| 250 — — 0? 18 0 

Black Minorca, 3 years_ | 

8570 05 051 101 008 — 


‘(here is some difference in the relation of cortex to medulla in the different breeds. 
In the Black Minorca the medulla is very plentiful and closely interlaced with the cortex. 


Goat. | é 80500 172 155 827 OL 692 23 
Sheep. Estimated 34000 — 38 
Bullock 260000 — 625 24 
317000 — — 1085 82 


07 
Il "36 82 065 2°5 2 
Good health 1710 °257 $28 11 
Died of pleurisy 1804 ‘59 1°29 
Probably the weights of the glands in all but the third were exaggerated by disease. 
Man. | 
Quain’s Anatomy gives 8 0125 170 *25 
Mongoose. 
In good health 2 860 185 $8 95 26 
These glands are notably big. 


The actual masses of the cortex and medulla were compared by the 
following method. The gland was cleaned, weighed, and then fixed 
with the mixture recommended by Kohn’, 90 parts of 3°5°/, K,Cr,0, 
with 10 parts of commercial 40°/, formaldehyde. After 24 hours it was 
removed from this, washed well with tap water, and preserved in 
3°5 °/, K,Cr,0,. When required, it was cut frozen in gum. on a specially 
graduated Leake’s microtome, which gave quite flat sections with a 
_ fairly uniform average thickness of 28°5u. Every seventh section was 


1 Archiv f. mikr. Anat. p, 268. 1908. 
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mounted in glycerine jelly, a medium in which the yellow chromaffine 
stain is permanent. The series was then drawn, the outline of cortex 
and yellow medulla in each section being thrown directly on the drawing 
paper by an Edinger's projection apparatus. with a magnification of 
16°5 diameters, Finally the area of cortex and medulla in each was 
measured by a planimeter. Measurement of the greatest axis showed 
that the glands shrank in hardening by about one-eighth. For 
simplification it is assumed that this shrinkage was shared equally 
between cortex and medulla. As the sections were of uniform thickness, 
the sum of all the areas represents the respective volumes of each mass 
of tissue. So the masses of medulla and cortex respectively were 
calculated by dividing the known weight of the gland in the ratio given 
by the summed areas. 

Tabulating the analyses, the relative masses of cortex and medulla 
in different animals appear as follows: 


Ratio of 
Wt. of Wt. of medulla 
Gland medulla cortex to cortex 


Guinea-pig 150gms. Left +028 gm. 004 gm. 024 gm. 1:68. 


795 Right -418 413 1:81 
&, 745 (165 days after excision of left gland.) 
Right +277 *007 “270 1:88 


That is, the weight of the cortex had increased fifteen-fold, and yet 
the medulla had grown in the ratio of but 4:5. In the guinea-pig, then, 
the medulla attains its full development. by the end of the first month 
of life. But the cortex continues to grow in close parallelism with the 
animal's weight, and so attains great size. In other animals the develop- 
ment of the cortex is less extensive, but in these too it is the main factor 
in the enlargement of the suprarenal gland, and the medulla shows but 
little increment after the first period of life. 


Wt. of Wt. of medulla 
Gland medulla cortex to cortex 


| 960 gms. Left -082gm.  0026gm.  0294gm. 
Rabbit. ? 1 same, 85 days after excision of left gland, 


1570 Right +0895 “0858 1:28 
910 Left -045 0042 0408 1:10 

g 4 same, 165 days after excision of left gland, 
2820 Right +25 -0078 99422 1:31 
Left 0048 1:11 
Right -04 0045 0855 1:9 
eves Left 0905. 0045 086 1:21 
Right -0825 ‘0785 1:20 
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In the young animal the medulla always assumed a darker brown 
colour with chromates.- In each of the four glands the calculated mass 
of the medulla was practically the same, namely ‘004 gm.: but that of 
the cortex was twice as great in the adult as in the young animal. 


Ratio of 
Wt. of Wt. of medulla 
Gland medulla cortex to cortex 
Cat. 1170 gms. Left °1165gm. 0116 gm. "1049 gm. 1:9 
?, 2200 Left -126 0099. ‘1161 1:11 
8400 ight -219 0095 “2095 ‘1:21 
Left suprarenal was unusually small=-148 gm. 
¢, 3470 Left 0255 “2765 1:11 


Had recently suckled kittens. Right gland of perfectly normal structure and also very large. 


Throughout these four animals the growth of the cortex proceeded 
almost uniformly with that of the body: the medulla remained stationary 
at a mass of about 01 gm. in the first three, but in the last, a 
multiparous female, it was enlarged without a fully correspondent 
overgrowth of the cortex to more than twice that value. With this 
cat, in which a single gland weighed ‘302 gm., may be contrasted a 
male, wt. 3500 gms., that was known to have lived 9 years of healthy 
activity, and in which the two glands together weighed only 347 gm. 


Ratio of 
Wt. of Wt. of : 
Gland medulla cortex - to cortex 
Ratllwks.old ¢,120gms. Left Olgm. ‘0009gm. O091gm. = 1:11 
190 Left -0215 0013 0202 1:15°5 


The ratio of medulla to cortex in these two instances is nearly alike: 
and the medulla seemed to have grown uniformly with the gland. But 
the method was not accurate enough to permit of calculating closely 
the changes in so small a gland as the rat’s, in which every section 
ought to be measured. 


Wt. of Wt. of 

i Gland medulla cortex to cortex 

Dog’. é, 15500 gms. Left ‘76 gm. 120 gm. 64 gm. 1:5°5 
Fowl. ?, 1820 Left 1;0°8 


In the birds the medulla, as noticed by Swale Vincent, forms a 
very large fraction of the whole gland: the cords of its cells are, as is 
well known, woven in a uniform network with the anastomosing cortical 
strands, and are not aggregated into a central mass. It has been 
shown in the general list that the glands do not increase in weight after 


1 Flint (Johns Hopkins Hospital Reports, 1x. p. 174. 1900) by a rougher method with 
the pyknometer estimated as an average from three glands the ratio to be 1: 3. 
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the third month of life: nor is any change with age evident in — 
ratio’ of cortex to medulla in their sections. 

As a very rough approximation these analyses, when combined with 
the general list, yield the following scales of cortex and medulla relative 
to body weight in the adult. 


Medulla of Cortex of 
Body wt. two glands See Scale two glands Saat Scale 
Guinea-pig, 500gms. ‘008gm. ‘Ol6gm. 5 gm. 1-0 gm. 300 
8 
2 
1 


Rat. 200 010 *04 "02 60 
Cat. 8000 02 12 45 
Rabbit. 8000 003 “4 45 
Dog. 15000 “25 017 6 1:26 “08 30 


Fowl. 2000 ‘1 “050 16 ‘1 165 


It will be observed that the medulla is enormous in the fowl, and 
that among mammals it attains fair size in the dog and guinea-pig : 
that the cortex on the other hand is small in the fowl, and not large in 
the dog, though in the guinea-pig it is so huge. Such contrasts do not 
indicate a close relationship between the two tissues. 


Kohn’s work has analysed the history of the medullary tissue in 
the fetus, At an early period chromaffine cells, similar in all respects 
to those of the medulla, are spread along the axis of the body, every- 
where in relation to the developing cells of the sympathetic ganglia and 
yet enormously outnumbering these. The ganglion cells go forward : 
those of the chromaffine tissue retrograde, leaving but a few vestiges of 
their former wide distribution in the various paraganglia, and at birth 
are represented by the final aggregate mass of the suprarenal medulla. 
Flint*, considering the suprarenal simply in itself without .reference to 
questions of derivation, has described the source of the medulla in the 
fetal pig and dog. At first the gland is purely cortical, its cells being 
arranged upon a vascular scheme about a central efferent vein much as 
are those of a liver lobule. Around the edge of the mass, cells of a 
different character soon appear. Broken up into clumps, numbering 
about 50 in the pig, these are then said to grow inward to the central 


1 The ratio of one to the other we determined roughly by drawing under the camera 
lucida five equal areas around different points in a series of sections, and measuring the 
area of each with the planimeter. In four of these the cortical area was to that of the 
medulla uniformly as 70 to 100. The fifth was taken from one end, where lobules of the 
cortex had enlarged and occupied twice the area of the medulla. The average of the five 
yields the ratio 85 : 100, but that is certainly weighted unfairly in favour of the cortex ; 
which in a complete analysis would probably be found to be less than 80 ; 100. 

2 Johns Hopkins Hospital Reports, tx. p. 153. 1900. 
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vein. Comparing the figures of Flint’s series (Plate 5), it is manifest 
that each nest of chromaffine cells always maintains the same distance 
from the central vein, and that the appearance of the inward movement 
has been caused by the outward growth of the cortical cells. These 
increase, bursting through the shell of chromaffine cells: next the latter 
proliferate, and shouldering out the cortical cells that separate their broken 
clumps fuse into one central mass upon the efferent vein. Yet each 
original nest still receives its original arterial branch, that can ever be 
seen running as a direct medullary artery embedded in the mass of over- 
grown cortex. The cortical cells lie all in the meshes of a capillary 
network into which their arteries break up at once beneath the capsule. 

The process differs somewhat in the birds. In them the shell of 
chromaffine cells? enveloping the gland is preserved throughout life: — 
within, cortex and medulla are intimately interwoven, for the growth of 
each of the two tissues has proceeded synchronously. It is conceivable 
that the different rates of growth, which on this view determine the 
anatomical formation of the gland, are to be related to the differences 
of fetal life under oviparous and viviparous conditions respectively. 
By the placental circulation the fetus may draw upon the suprarenals 
of the mother and therefore be slow to develop its own gland. Experi- 
ments by one of us have certainly shown that a cat near full term dies 
more speedily, after excision of its suprarenals, than it would have done 
in the intervals between pregnancy ; so that the mother at any rate 
receives no aid from the fetal suprarenals. 

Indeed the heavy tax on the mother is- suggested by the fact noted 
in the list of the gland weights in the rat, cat, guinea-pig, and rabbit. 
In all these the glands develop equally in each sex until the time of 
reproduction, growth after early youth being of cortex alone. Then 
those of the female enlarge more than do those of the male, and the 
increase is. of medulla as well as of cortex. In the domestic fowl, 
although both sexes are placed under conditions requiring prolonged 
activity of the reproductive organs, there is no similar progressive 
development. of the glands. From this it seems probable that the 
mammalian method of gestation may be responsible for enlargement of 
the gland in the mother, and perhaps for the peculiar form assumed by 
it in the mammal generally; and that mere reproductive activity in 
itself cannot be the cause of the steady growth of the mammalian 
cortex. 


1 Op. Rabl’s demonstration of the close alliance of these cells with those of the 
sympathetic ganglia. Archiv f. mikr. Anat, xxxvim. p, 492. 1891. 
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II. COMPENSATORY HYPERTROPHY. 


Many writers have described vicarious overgrowth of the remaining 
gland after excision of one suprarenal. The majority of these have been 
content with the mental judgement made in looking at the second gland. 
Stilling', however, who first drew attention to the possibility of the 
change, compared their weights, and from a cross section concluded that 
the enlargement was chiefly of the cortex. His experiments were made 
on rabbits. In old animals there was no certain difference in several 
months; but two instances are named of young animals in which 
hypertrophy occurred in the year that intervened between the third and 
the fifteenth months of life. Medulla and cortex were said to share in 
the overgrowth. 

Our experiments did not reveal any large hypertrophy in compen-— 
sation. The operations were performed by median abdominal incision. 
In all cases the gland was cleanly dissected out, especial care being taken 
to avoid tearing its capsule by the grip of the forceps; the small 
arteries were neglected, a silk ligature was passed around the emergent 
vein, and so the gland excised. It was then cleaned further under a 
dissecting lens, weighed, and placed in the bichromate mixture within 
10 minutes of removal. Damage of the main sympathetic nerves and 
ganglia was carefully avoided. : 


Rats. The rats recovered at ones from the operation, and showed no 
further loss of vitality. Examples are :— 


(i) 11 weeks old, 120 gms. left gland = ‘01 gm. 
Killed 35 days later, 167 gms. ... right gland = 012 gm. 
(ii) of, control of same litter, 95 gms. 
Killed 85 days later, 190 gms. 


(iii) $, control of same litter. 
Killed 85 days later, 165°5 gms., left gland =-0255 gm. 
being pregnant. right gland = 0245 gm. 
(iv) f, adult,190gms. ...  ... left gland =°0215 gm. 


Was always very active and inquisitive, 
Killed 72 days later, 263 gms. ... right gland = 027 gm. 


left gland = ‘012 gm. 
right gland = ‘012 gm. 


1 Virchow’s Archiv, oxvim.,p. 569. 1889; and Archiv f. mikr. Anat. uu. p. 176. 
1898. 
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No accessory glands were seen by simple dissection. The glands 
being small and not exhibiting any very obvious change, no more 
experiments were made on rats. It is to be noted from (iii) that the 
requirements of pregnancy could cause rapid increase of the gland, 
though under ordinary conditions of life the.single gland did not grow 
much to cover the absence of its fellow. : 

Wiesel! affirmed the existence of such hypertrophy in rats, but 
without basing it on a comparison of weights. In all cases he found 
enlargement of the “purely cortical” accessory suprarenals in the 
epididymis. These last are microscopic, of 10 to 20m diameter. 


Rabbits. The operation was the same, and the health of the animal 
was not disturbed by it. : 
| left gland = 032 gm. 
(i) %, 11 weeks old, 860 gms. ... | medulla = ‘0026 gm. 
{ cortex = ‘0294 gm. 
, right gland = ‘0895 gm. 
Killed 85 days later, 1570 gms. medulla = ‘0037 gm. 
| cortex = ‘0858 gm. 
In both these glands many of the medullary cells at the fringe 
_ extended into an interlacement with the cortical, and the medullary 
areas could not be accurately determined. The medulla of the left gland — 
had not attained its normal full development, for it weighed much less 
than ‘004 gm. That of the right was.a_ little larger, but the growth was — 
only the normal growth of adolescence: the ratio of cortex to medulla 
was doubled, but the analysis gave figures very similar to those of a 
normal adult gland. And from the weight of the next control animal it 
is evident that neither in entire bulk nor in volume ratios of medulla 


and cortex had the growth of the surviving gland been abnormally 
influenced. 


(ii) $, control of same litter, 810 gms. 


left gland = ‘0945 gm. 
Killed 85 days later, 1485 gms | right gland = ‘104 gm. 


(iii) f, of same litter, 810 gms. ... left gland = ‘026 gm. 
Killed 85 days later, 1510 gms. right gland = 080 gm. 


(iv) of same litter, 910 gms. ... left gland = "045 gm. 
Killed 165 days later, 2820 gm. right gland = ‘25 gm. 


In rabbit (iv) the remaining gland was undoubtedly larger than 


1 Sitzungsber. k. k. Akad. d. Wissensch. Wien. ovat. Il. p. 257. 1899. 
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would have been expected in an animal of its age. The overgrowth 
might have been associated with the changes due to the incidence of 
winter. It was killed on Nov, 20, the weight of the animal in the last 
two months having risen rapidly from 1750 to 2820 gms. with the 


accumulation of winter fat. Comparing the glands respectively with the 


left gland, (05 gm., of a young rabbit and with the right gland, 0825 gm.., 
of a normal young adult, it is seen that these figures indicate a growth 
of the medulla to twice the normal size, while the cortex had increased 
even more rapidly, so that it bore a ratio to the enlarged medulla of 30:1 
instead of the 20:1 for the young male of 2035 gms. in which the weight 
of the medulla had remained stationary. 


¢ 950 gms. 05 gm. 2085 gms. “0825 gm. { 
910 045 2:20, and 2820 -25 


gland, ‘277 gm., of the guinea-pig (p. 349) weighing only 745 gms. 


(v) 9 weeks old, 625 gms. ... left gland «= ‘027 gm. 
Killed 90 days later, 760 gms. right gland = ‘064 gm. 
(vi) control of same litter, 605 gms. 
“1g eft g = ‘0675 gm. 
Killed 90 days later, 970 gms. 
_ The last two, (v) and (vi), were of a litter from an infected hutch and 
both suffered from liver disease. By this ailment bodily growth was 
checked, but it should be noted that the development of the suprarenals 
was just as rapid as in the healthy animals of the first litter. In 
90 days from the third to the sixth month of life there was no proved 
compensatory hypertrophy; and no accessory glands were observed, nor 
were the sympathetic ganglia or paraganglia altered. | 


Cats. Removal of one gland caused some loss of body weight. ‘he 
second gland was removed in three adult animals, two being after the 
lapse of six weeks. It was in all cases heavier than the left gland had 


been, but the difference in its favour was not greater than that always 


observed between the two glands of a normal animal (ep. list). 
(i) 3800 gms. gland ‘234 gm. 


right gland = ‘26 gm., with normal 
pares, 3100 load of chromaffine substance. 


\ 


The weight and the composition of the right gland of this rabbit,, j 
when weighing 2820 gms., approached very closely to those of the right 
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ii , 2235 Left gland = ‘222 gm. 

right gland = ‘258 gm., fat and 
doubly refractive substance 
spreading over cortex: medulla 
not fully loaded. 


(iii) =, recently kittened. Left excised, not weighed. — 3 
53 days later, 2070 gms. right = ‘238 gm. Ry 


46 days later, 2210 gms. 


Auld? did not observe any enlargement in a cat in half a year, but 
he neglected to contrast the weights of the two glands. 

Kittens were less able to endure the loss of one gland. From the 
operation they recovered well, but in a few days diarrhwa often set in 
and had to be checked by bismuth powders. Out of four, one died in 
three weeks with an ulcerated stomach, and another succumbed at 
the twelfth week to pericarditis. | 


(iv) 450 gms. ... left gland = 0695 gm. 
found collapsed on 19th aay, 360 gms., right gland = ‘075 gm., 
medulla taking chromate stain very lightly. 


(v) /, control of same litter, 475 gms. 


{ left gland =-0725 gm. 
killed on'19th day, 480 gms: 
(vi) gf, 1170 gms. Left gland = 1165gm., medulla taking deep 
chromate stain. 
Died 20 days later. Right gland =°175 gm., medulla taking 
_ chromate stain faintly and only at periphery close to 
cortex, while the fatty material of the latter lay together 
with crystalline masses chiefly in the inner zone > against 
the medulla. 


(vii) 1190 gms. Right gland=‘089 gm. Persistent diarrhea: 
found collapsed on 2lst day, with hemorrhage from 
gastric ulcers, 754 gms. — 

_ Left gland=214 gm. The cortical cells seemed large and 
healthy but were not examined for fat; in the medulla 
some cells had taken a full chromate stain, but the 
majority remained untinged. The increased area of a 
single section was almost entirely due to enlargement of 
the cortex. 


1 Brit, Med. Journ, 1899, p. 1827. 
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(viii) /, from same litter as (vii), 1330 gms. 

By lumbar incision, right gland ="090 gm. Occasional diar- 

rhoea: 51 days later, 1450 gms. rages in 12 weeks of 
_ pericarditis. 

Left gland ='250 gm., containing no chromaffine substance, 
though a little might have been present and disappeared 
in the 24 hours that intervened between death and 
preservation of the gland: fat spread over all cortex. 


The increase of weight in the last two cases was not entirely due to 
tissue growth, for the glands were swollen with fluid and in one instance 
contained many blood clots. Pathological infections too must have 
been in part responsible for the actual hypertrophy, as it has been 
proved by many French workers that the suprarenals are greatly 
enlarged during slow diphtheria intoxication, or “by Koch’s bacillus. 
It should be noted that in the two cases, (vii) and (viii), of marked hyper- 
trophy there was persistent diarrhoea, which may perhaps have indirectly 
caused a continual demand upon the suprarenal in the endeavour to 
check it. 

As the kittens could not easily be kept in good enough health to 
avoid the complication of pathological factors with the simple hyper- 
trophy of compensation, we did not ane the question further with 
these animals. 


Guinea-pig. As might be expected from the size of the glands, the 
guinea-pig is extraordinarily sensitive to interference with its supra- 
-- renals. After removal of both it never rallies, and dies within a few 
hours. We removed the left gland with all possible care of the animal. 
On the day of the operation it was given no food. Anzsthesia was best 
induced by chloroform and then maintained by occasional breaths of 
ether. The viscera were kept very warm and so handled that no 
hawmorrhage was caused from their delicate vessels, The entire opera- 
tion was completed in 15 minutes, and the animal emerged quickly from 
anesthesia. Yet it did not survive for more than a day. Young 
animals of two or four weeks succumbed more rapidly than adults. 
Survival was prolonged for about 12 hours by the graft of a gland 
beneath the abdominal skin. 

- This failure to keep guinea-pigs alive after the loss of one gland 
agrees with the results of Strehl and Weiss’. But Velich? was able 


Pfliiger’s Archiv, txxxvi. p.107. 1901. Wiener klin. Rundschau. 1897. 
PH. XXXIV. (23 
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by lumbar incision to remove one gland from 14 day old guinea-pigs 
under chloroform. Abelous and Langlois’ were also successful with 
unanesthetised adults. And subsequent French workers* seem to have 
had equally little difficulty with the removal. Their success might be 
ascribed to absence of anwsthetics, or to a greater vitality of the French 
strain of guinea-pigs. To test the latter alternative we procured 
animals directly from Paris. They were in excellent health, but their 
glands were on the average no smaller than those of the English hutch 
breed, being considerably greater than those named by’ Langlois. 
However they survived extirpation 1 of one gland for thrice as long as the 
English’, living up to the fourth day. 


¢?, 660 gms. Left=*241 gm., died in 80 hours. 
Right gland =-425 gm., being soft, pulpy, devoid of cortical pigment, and 
giving almost no chromaffine stain. Left gland had possessed a fair 
load of pigment. 


However, though failing by the direct method, we were able even 


in the English animal to remove one gland by successive halves. The 
gland was exposed from in front—a path which we found to be much 


speedier than that of entering behind over the last ribs—and the half 
removed by tearing through with a silk ligature. Bleeding from the 


cut surface soon ceased. Subsequently this surface was not overspread 
by cortical or dense fibrous growth : thus, in one case, 80 days after the 


first operation the surface presented the appearance of a fresh section 


except that it was smooth and glazed. The fragment, weighing 084 gm., 
was fully loaded with cortical pigment and chromaffine medullary 
substance. But in this particular instance the animal died 40 hours 
after removal of the fragment, and then the second gland was found to 
be devoid alike of pigment and of chromaffine substance. 

Another experiment was more fruitful. 
June 6. + =690 gms. Half of gland removed. 


June 7. Eating well, no ill symptoms. 
Aug. 21, Weight=610 gms. 


de Biol. 1892, p. 888; and Arch. de Phys. norm. path 1892, 

2 E.g., Oppenheim, Comptes rendus Soc. de Biol, 1901, p. 814. 

_® Most of the operations were performed on guinea-pigs obtained from Leeds. Recently 


others were procured from peter = survived unilateral excision a little longer 
— 
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Aug. 30. Weight =606 gms. Rest of gland removed by rather long operation under 
chloroform and ether, Fragment was quite filled with cortical pigment, but contained 
only a light load of chromafiine substance. 

Sept. 5. In excellent health, =620 gms. 

Nov. 17. =745 gms. Killed. Weight was increased by accumulation of winter fat. No 
accessory suprarenals could be detected. Right suprarenal =:277 gm. ; 


Comparing this with the right gland weighing 418 gm. from a 


normal guinea-pig of 795 gms. (cp. p. 339) it is evident that there had 


been no massive compensatory increase of the surviving gland, though 
this for 85 days had had the aid of only half the left, and during the 
next 80 days had been alone. Indeed ‘277 gm. is a low weight for the 
right gland of a normal pig of 745 gms. The weights of the two glands, 
‘418 and ‘277 gm., were roughly as 3 to 2, and that was the ratio of the 
cortex in each; but the medullary areas were inversely in the ratio of 
2:8. Microscopically, overgrowth of the medulla could be clearly seen 
in the smaller gland. Masses of it were pushed out into the cortex, 
the uew tissue presenting a fatty translucent appearance, with vacuo- 
lated cells that did not accept the yellow chromate stain, while it could 
at once be distinguished from the cortical cells upon which it abutted by 
the load of cortical pigment granules in the latter. The cortical fat was 


restricted to the outer zone, and the inner cells of the cortex were very 


heavily laden with brown granules. 


The medullary area enumerated in the sum of the sections is only 
that stained yellow and does not include these obvious new outgrowths, . 
the addition of which would enlarge it by one-eighth. Of the matured 
chromaffiue cells there had therefore been an increase, which perhaps — 
may have been proceeding further by the development of these fatty 
cells. The latter were, however, in all respects identical with the 
scattered cells containing fat droplets (Scharlach R.) which occur in the 
normal medulla (cp. later, p. 350), and might otherwise be regarded as 
intruding cortical cells. The true cortex had lagged behind and not 
taken part in the hypertrophy. 

Taken together, these results are somewhat barren when judged by 
their value in differentiating between cortex and medulla. Compen- 
satory hypertrophy is not readily produced in the suprarenal 
glands. The glands do enlarge normally to meet the strain 
of pregnancy and also that thrown upon the body in its 
struggle against the poisons of infection: then the growth is 
mainly of the cortex. But the medullary cells are not, as the cells of 
the central nervous system are supposed to be, incapable of multiplica- 
| 23—2 
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tion after adolescence. They had increased in a cat suckling 
kittens, p. 340; and they had undoubtedly grown to cover the loss of 
the extirpated geen in the guinea-pig quoted. Indeed in this period 
of 165 days the growth had been almost solely of the medulla, But in 
the rabbit, (iv), in the same period, the cortex had grown together with 
and even faster than the medulla. 


Ill. FUNCTIONAL CHANGES IN THE GLANDS. 


Secretory products. Besides the massive and slow changes 
in the entire bulk of the glands that have been analysed in the 
preceding pages, there are very obvious alterations in their microscopic 
features, that are related to phases of functional activity and depend 
upon the presence of special substances concerned in secretion. Of 
— four can be- easily angus in the guinea-pig’s gland. They 


(i) The fatty substance of the cortex. 

(ii) The doubly refractive substance of the cortex. 
(iii) The pigmented granules of the cortex. 

(iv) The chromaffine substance of the medulla. 


(i) and (ii). The first differs from ordinary fat by its extreme 
solubility in the essential oils. In the guinea-pig and cat it stains a 
bright red with Scharlach R. Associated with this is a doubly refractive 
substance that is soluble in ether. Globules of it, provided the tissue 
has not been fixed with mercuric chloride, show themselves under 
crossed Nicols as brilliant spheres, each divided centrally by a dark 
rectangular cross. The body fats which are known to exhibit this 
refractive property are the myelins associated with lecithin; and the 
latter substance is yielded in large quantities on analysis of the 
suprarenals', But ovo-lecithin, as purified by Merck, does not give 
more than a faint pink tint with Scharlach R.*: nor does the sheath of 
medullated nerves stain deeply. So the refractive substance, whatever 
be its relationship to lecithin’, is not identical with the red stained 

1 Bernard, Biggart, and Labbé (Comptes rend. Soc. Biol. uv. p. 120) find lecithin 
to form 50°/, of the entire fat extracted. But Orgler (Festschrift f. Salkowski, Berlin, 
1904) identified the fat with protagon. 

* Michaelis (Deutsch, Med. Woch. 1901, p. 183) states that the dye stains ‘‘ every fat 
and only fat” ; but he does not definitely name lecithin. 

’ Adami and Aschoff, in a communication to the Royal Society, June 7, 1906, 
stated that pure lecithin is not doubly refractive, but that its derivatives are so; and that 
choline oleate, especially in the presence of weak formalin, exhibits the property to s 
peculiar degree. 
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fat. And indeed the two often lie separately in the cortex of the 
gland. Thus in the guinea-pig the fat is normally restricted to a 
heavily loaded belt in the outer third, whereas the doubly refractive 


_ substance, (ii), may be scattered very lightly over all. Under certain 


conditions the fat is greatly increased, whereas (ii) completely dis- 
appears. In the cat (ii) as a rule lies thickly in the outer fat belt, but 
it may also appear in the inner half of the cortex entirely apart from 
the fat. The translucent and seemingly crystalline areas of de- 
generation, which often occur in the cat’s cortex, do not contain (ii). 

In the rabbit the distribution of fat is generally uniform throughout, 
and under the polariscope the cortex appears evenly seeded with 
glittering crystals, The same was the case with the humah glands’ that 
we were able to examine, though none of these could have been 
normal. In the seal (one imperfectly preserved specimen) fat was 
plentiful, but we could not discern any doubly refractive substance. 
In the fowl on the other hand (ii) is present in all the cortical cells, and 
in such amount that it separates into large acicular crystals filling the 


whole of each cortical strand irrespective of cellular disposition, but not 


trespassing on the medulla: the crystals stain black with osmic acid, 

but the whole cortex takes only the faintest pink with Scharlach R. 
These observations make it evident that of the secretory products of 

the cortex the fat must be clearly distinguished from the doubly 


_ refractive substance ; and they suggest that as the store of the latter 


in any area grows, that of the fat, which might be regarded 
as a sign of its formation, sinks. Yet, though of importance in 
most animals, neither are to be regarded as fundamentally essential 
to the activity of the cortex of vertebrates, for neither appear in the 
normal cortex of the sheep. 


_ (iii). In the experiments described above reference has frequently 
been made to the pigmented granules of the cortical cells of the guinea- 
pig. These have been studied by several writers, but sufficient emphasis 
has not been laid on the fact that the guinea-pig is almost unique in 
their possession. In.all normal adult glands the cells over a wide strip 
adjacent to the medulla bear each a mass of small discrete brown 
granules. These can be seen in sections cut frozen without any fixing 
agent, or in freshly teased cells. Their presence is sufficiently ascer- 
tained by merely looking at the fresh cut surface of a gland, which shows 
a dark area coinciding with the distribution of the granules and 


1 Op. Napp. Virchow’s Archiv, cuxxxu. p. 314, 1905. 
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enveloping the pinkish grey medulla. Indeed this method is almost 


preferable to a microscopic examination, for though finally the granules 
may approach in size to a diameter of 0°6y, yet in their early formation 


‘they are almost ultra-microscopic; and the cells may be tinted brownish 


black by their presence, though the granules can barely be seen under a 
zyth immersion lens. 

The granules are deprived of their colour by mercuric chloride, but 
are not dissolved by any of the ordinary reagents.’ Left in water for two 


or three days the granules swell and colour all the cell; or they may 


escape and clump in masses outside. In our sections, made after fixing the 
entire gland, chromaffine granules were never seen in the medulla, its cells 
assuming a uniformly diffused yellow. But it has been repeatedly 
stated' that the chromaffine reaction is in the first place given by 
minute granules, which break down very readily and so spread the tint 
over all the cytoplasm. From such granules those of the cortex are 
distinct, for they are naturally of a brown hue and are stable. The 
lithograph of a section, Fig. 6 Pl. I, indicates how sharply the cortical 
‘cells are so marked off from those immediately adjacent in the medulla. 
In the cortex of no other animal except the Ornithorhyncus have we 
_ observed the presence of similar pigmented granules. Rabl* described 
the occasional occurrence of what may be their homologues in the 
outermost cortical strands of the pigeon: and yellow brown granules, 
which according to Flint are insoluble in alcohol, are said to be present 
generally in the zona reticularis of man*. The masses of black pigment 
in the sheep lie in the connective tissue capsule outside the gland. 
Being thus peculiar they cannot be regarded as the essential secretory 
products of the innermost cortical cells in Mammalia. Something of a 
fatty nature and chromaffine substance occur in all'species: these do not. 
It is claimed by Guieyesse‘ that the essential secretion is of colourless 
granules, which he identifies by their staining with iron hematoxylin. 
Ciaccio® recognises perhaps the same in his “sostanza ossifila” (by acid 


1 Cp, Hultgren and Andersson, loc. cit. p. 201; Grynfeltt, Bull. Sci. de la France 
et Belg, xxxvut. p. 73, 1904; Fuhrmann, Ztschr. f. Wiss. Zool. uxxvit. p. 522, 1905; 
Ciaccio, Arch. Ital. de Biol. xu. p. 17, 1905; and Marrasini, Monitore Zool. Ital. xvu. 


p- 42, 1906. Fuhrmann maintains that the cortical granules of the guinea-pig are 
identical with those of the medulla. 


2 Arch. mikr. Anat. xxxvmt. p. 515. 1891. 


* Being, according to Bernard and Bigart (Journ. de Physiol, et Path. 1906, p. 64), 
increased in many cases of tuberculosis. 
4 Journ. de V Anat. et Physiol. xxxvu. pp. 312 485. 
5 Arch. Ital. Biol, xuim. p. 17. 1905. 3 
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fuchsine), These we did not identify. The easily studied brown 


granules were accepted as indicative of the activity of the cortical cells. 

(iv). As to the chromaffine substance little need be said. Cells 
marked by this stain always yield adrenalin to extraction: default. of 
the stain is always associated with absence of adrenalin: adrenalin itself 
in solution at once deepens the colour of chromate solutions. It seems - 
legitimate to assume that the test indicates the content of adrenalin 
that could be extracted by physiological assay. In large glands, that 
are fixed less promptly, the yellow chromaffine stain’ sometimes extends 
from the medulla along the blood channels in the cortex; but it never 
appears in the actual cortical cells. 


The routine method of examination was accordingly to fix the glands _ 
with the chromate formalin mixture for 24 hours, transfer to formalin — 


gum, cut frozen, stain with Scharlach R. and mount in glycerine. 


Paraffin embedding was never used on account of its tedium and 
histological distortion. The sections showed fat in red, the pigmented 
granules in clear distinction from their unstained cells, and centrally the 
bright yellow chromaffine substance. The presence of the doubly 


refractive substance was determined by the polariscope. 


Recognising these three products of cortical activity and neglecting 
the chief cortical secretion of Guieyesse and others, it remains 
to appropriate each to the regions marked out by histological ~ 


anatomists. 


The present threefold division of the zones of cells in the cortex was 
made by Arnold* upon study of the ox and man, It was purely 
anatomical in reference to the disposition of the cells and blood vessels 
in these species, and cannot be applied universally to any mammal. 
Indeed the fat, which confers the distinctive spongy appearance upon 


the cells of one zone, may appear at different levels in different species 


and even in the game individual as conditions of life alter. Funda- 


1 The cytoplasm of the medullary cells is normally very fluid, so that it eannot be 


‘preserved except in the presence of chromates. In the presence of reducing adrenalin 
these may toughen the mass just as gelatin is fixed in carbon photography. When so 


fixed the chromaffine cells are very stable; they may be kept in ordinary water for days 
without other change than swelling of the nuclei. Xylol balsam slowly decolourises the 


- cells, 


To preserve the stained glands in bulk formalin is useless, as it quickly destroys the 


yellow tint. In 75°/, alcohol the colour remained for two years, though deepened from — 


yellow to brown; the doubly refractive substance was vaginal unaltered, but the fat 
had been partly dissolved. 
® Virchow’s Archiv, xxxv. p. 64. 1866. 
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mentally then it would appear that the cortical cells are all 


alike, a view that has already been urged by Bonnamour’, Mulon’, 
and Bogomolez’. 

In the young guinea-pig the suprarenal contains no cortical pigment, 
and the fat is distributed with fair uniformity throughout the cortex. 


_ With growth the brown granules appear and may finally occupy more than 


three-fourths of the diameter, the dark ground so held being enveloped 
by a thin shell crammed with the fatty material. In view of the fact 
that the medulla does not grow after adolescence, it might be urged that 
the same is true of the fat producing cells of the cortex ; that the latter 


have simply been borne outward on the swelling mass of those required — 


to produce the granules, and that the great specific enlargement of the 
guinea-pig’s- cortex is caused simply by ~ addition of these special 
cells, 

But the relation of pigment to fatty zone varies. As the former 
recedes, the latter pushes forward. In the pregnant animal the fat 
extends in rays between the pigmented cells: and in conditions under 


which it may be assumed that the gland is exhausted, as in poisoning 


by diphtheria toxin or in the death caused by suprarenal grafting (cp. 
Fig. 4 Pl. 1.), the fatty substance sweeps over the entire cortex and 
completely replaces the brown granules. Similarly the granules may all 
disappear in a couple of days under the extra demand on the remaining 
tissue made when half of one suprarenal has been removed. Then the 
inner cortical cells stain at first a faint pink throughout, and 
ultimately droplets of red fat separate in their bodies. The doubly 
refractive substance was never observed in the inner cortical cells when 
these were loaded with brown granules. By this varying distribution of 
the three chief cortical substances it is seen that any of them may occur 
in almost any cell of the cortex. 

The yellow chromaffine stain was never observed in any cell in the 
cortex that could not fairly be regarded as an outlier of the true 
medullary group. But in the medulla of the guinea-pig—and only of 


the guinea-pig—were always seen scattered cells of the same size as the 


chromaffine and in immediate contact with them, which however con- 


_ tained uniform globules of scarlet stained fat (cp. Fig. 5 Pl. I.) that were 


each one-third the diameter of a red blood corpuscle. The cytoplasm in 


_ * Thése de Lyon, 1905. Neither this paper nor Mulon’s, in Comptes rend. l’Assoc. 
des Anat., Liége, 1908, p. 148, were accessible to us. 
2 Comptes rendus Soc. de Biol. urx. p. 887. 1905. 
* Ziegler’s Beitrige zur Path. Anat. xxxvim. p. 511. 1905. 
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which the globules were embedded was generally stained neither pink 
nor yellow, but was colourless. 

These fat cells in the medulla might be regarded either as chance 
vagrants from the cortex, or as special accessories to the cycle of 
medullary secretion. From the cortical cells next adjoining the medulla 
they differed in that :— 


(a) they contained only fat pat, when the hatin held only 
brown pigment. 


_ (b) doubly refractive substance was never seen in them. 


(c) they do not increase in the last stages of “ exhaustion ” of the 
suprarenals, when the cortical fat spreads over all the cortical cells, but 
they then contain rather fewer fat globules. Then too, when the 


_ exhausted chromaffine cells are no longer stained yellow, fat cells were 


here and there seen in which the scantier droplets assumed not a pink | 
but a light yellow tint. 


For the counter opinion, upholding their identity with the cortical 
cells, are the observations :— 


(a) In specimens counterstained with haematoxylin and mounted in 
balsam, the fat cells are well preserved and stained an even blue like 
those of the cortex, whereas the chromaffine cells seem vacuolated and ~ 
finely granulated. 


(8) Occasionally a strand of undoubted cortical cells with brown 
granules is seen to enter the medulla. Such is illustrated in Fig. 6 Pl. L. 
The true fat cells were never found as actual buds from these ; but here 
and there (eg. at c in Fig, 6) fat droplets lay side by side with the 


granules in a cortical cell. 


(y) In old glands, and in the instance of compensatory hypertrophy, 
p. 349, these fat cells seem to multiply and form large clumps of which 
the units all retain their proper fatty character, and are not graded into 
chromaffine cells, 


The evidence is insufficient for a decision as to their nature, but is in 
favour of the view that they indicate a cortical admixture. If such be 
the case, then the medulla of the guinea-pig must often be almost as 
intimately interwoven with cortical cells as is that of the bird. The 
rabbit exhibits an interlacement of medulla with cortex at the enlarging 
fringe of the former: but the strands of each tissue remain pure and free 
from closer blending. 
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- “Ghanges in disease. Cortex. The chief alterations in the 
guinea-pig’s gland’ have already been named. Severe exhaustion is — 


always associated with hemorrhagic dilation of the blood spaces. In the 


kitten, no. vi of p. 346, a movement of fat from the outer to the inner 
third of the cortex, as in the guinea-pig, was noted. The change was 
very prominent in a cat suffering from a disease of the lymphatic glands, 
that was associated in its final stages with depressed circulation. Here the - 
unaided eye could at once detect the aggregation of white fatty substance 
all around the medulla: the cells of the inner half were vacuolated, and 
the fat stain revealed a greater accumulation of fat here than elsewhere 
(cp. Fig. 2:Pl. 1). Very often in the cat the cortex is rolled in upon itself 
at the entrance of the medulla, so that for a short extent the fat normally 
seen in the outer third appears to occupy the inner divisioa. With this 
possibility the changes named above were not confounded. In old age 
the inner cortical cells of the cat tend to degenerate, and the fat is not 
restricted to the outer ring. 

We have made no experiments directly on the results of bodily 
fatigue. But in a dog, which had performed a journey of 30 miles and 
of which the suprarenals had been preserved for many years in the 
laboratory, all the cortical cells were vacuolised to a degree which is , 
normally seen only i in the fat bearing zone of the outer third. 


Medulla. The change i in the cells is so slight that the majority of 
observers agree that the medulla shows no alteration in pregnancy or 
infection. Hultgren and Andersson?’ on the other hand observed 
none in the cortex, but some in the cytoplasmic granules of the 


medulla. 


The most striking change is in the depth of the yellow tint 
assumed by the cells in the chromate stain. Normally this is of 
equal brilliance throughout. Under various conditions of ill health the 
stain disappears from cells here and there, until now an entire strand 


is decolourised, and at last in mortal disease not a vestige of yellow can 


be discerned anywhere. This change is slower than the rapid coming | 
and going of the brown cortical granules. As the capacity for the 
chromaffine stain fades, the cells themselves become vacuolised, but they 
do not then accept the fat stain. Grynfeltt® described a similar 


1 Federici (Lo Sperimentale, 1. p. 127, 1904) could see no change in the fat (Sudan 


11.) of the guinea-pig’s suprarenal when starved to death; nor any in the fat of bats and 


dormice relative to hibernation, 
* Studien zur Physiol. u. Anat. der Nebennieren. 1899, pp. 168 and 215. 
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vacuolisation as occurring in the chromaffine cells of the Skates and Rays, 7 
but was unable to correlate it with sexual activity or produce it by 


_pilocarpine. 


The loss of yellow’ only appears in cases of grave exhaustion of the 
gland. Thus in a healthy guinea-pig of 500gms., a few hours after 


- parturition the glands, which were enlarged and very pulpy, contained 


a moderate amount of cortical pigment and a fair load of chromaffine 
substance. The stain does not fail when the animal dies within 
24 hours of the removal of one gland; but it does disappear when 
death ensues more slowly after three or four days. And it vanishes in 
36 hours in the poisoning by diphtheria or by subcutaneous suprarenal 


8: 
Similar changes can be effected by stimulating the nerves to the 
suprarenals ; but these will be described in a separate paper. 


IV. SUPRARENALS OF THE MONOTREMATA. 


_ “Cortex” and “medulla” occur side by side in the Fishes*, are 
interwoven with each other in the Reptiles and Birds, while in the 


-Mammalian suprarenal the medulla appears as a kernel embedded in the 


cortical mass. The suggestion that the mammalian form might depend 
upon the conditions of placental life, compels an examination . the 
glands in the egg laying Monotremata. 


Ornithorhyncus. Three specimens of Ornithorhyneus were examined. 
The animals had been preserved in spirit in the Morphological 
Laboratory for many years, and the condition of the tissues was excellent. 
As the histology of their suprarenals is not described in Semon’s 
monographs, we give it in some detail. 

Relative to the size of the animal the gland is large, though much 
less than that of the guinea-pig. Fig. 1 illustrates a longitudinal — 
section through the left gland, the chief vein emerging near the end of 
the long axis and not from the middle. At this end the medulla is 
coarsely interlaced with dark cortical tissue, and bounded by a dark 
coloured band of the same. The remaining three-fourths of the section 
are formed by unpigmented cortical cells. The medullary cells were 


1 The ‘‘embryonic” ill stained type of medullary cells described by Wiesel (Virchow’s 
Archiv, cLxxxtit. p. 163. 1906) in a case of death following sunstroke was perhaps an 
example of such exhaustion. 


2 Cp. Giacomini, Monitore Zool. Ital. xm. pp. 148 and 1838, 1903 ; and xv. p. 19, 1904. 
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recognised by their imperfect preservation, it being impossible to apply 
the chromaffine test: they lay in small lobules enveloped by fine 


4 

» 


_ Fig. 1. Sketch of longitudinal section of suprarenal gland of Ornithorhynéus. The 
_ geetion did not pass through the longest axis, and so the full development of the 
cortex is not shown. 


1. Lobules of medulla. 
2. Masses of pigmented cortical cells embedded in the medulla, with 3, the 
limiting band of the same, 
4. Small cells of the cortical lobules aggregated closely along the veins. 
5. The enlarged fat bearing cells of the cortex. 3 
Fig. 2. Detail of tissue about the point A in Fig, 1, with the same numbering of the cells. 
The pigment granules in the cells of 8 are indicated by fine black dots outside the 
. nuclei. 


6. Fine strands of connective tissue, stained in the section by Rubin 8. 
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connective tissue septa. From the adjacent cortical cells they were 
separated by a thicker wall of the same connective tissue. 

All these cortical cells were loaded with brown granules of appearance 
identical with those of the guinea-pig, and they were of uniform size and 
distribution (cp. Fig. 2). The unpigmented rest of the cortex was 
divided into rough lobules by the blood vessels so as to resemble a 
piece of liver. The arteries could not be identified. In other animals’ 
the cortical vessels break up at once into an anastomosing network of 
simple endothelial tubes: perhaps the arrangement might be otherwise 
in this lobulated cortex. Along the course of the veins the cells were 
small and their nuclei lay thick together. Further away the cells grew 
steadily in size, until at the centre of each lobule they were large 
with a large nucleus, and coarsely vacuolated. The spirit had 
extracted almost all the fat from the specimens; but a trace remained 
in one giving a pink tint with Scharlach R. inthe centres of each 
lobule. 

Here then the venous ve of the gland does resemble that of the 
bird in the interlacement of the tissues. Superadded is the huge 
outgrowth of the cortex at one pole into fat bearing cells. The major 
part of the guinea-pig’s enlarged cortex may bear pigmented granules : 
but in the Ornithorhyncus these seem to be restricted definitely to the 
small area described. The cells of this were separated from the close 
set layer of small fat cells by either a blood vessel or a thin strand of 
connective tissue. 


_ Echidna. Only a single specimen was available, a male, for which 
we are indebted to the kindness of Mr J. J. Lister. It was in good 
health when killed in the bush, and had been at once preserved in 
alcohol. A longitudinal section is represented in Fig. 3. As in the 
Ornithorhyncus, the medulla is coarsely enmeshed with cortex at the lower 
pole, from which the efferent vein emerges. The medulla was imperfectly 
preserved, appearing as an irregular “ mesenchymatous” network. Its 
masses were generally enveloped by a blood space that separated them 
from the cortex. 

In the latter the cells were small, and both near the medulla and in 
the great polar enlargement uniformly disposed in anastomosing columns, 
some of small, some of larger cells. No pigmented granules, no fat 
could be detected; nor were the cells enlarged to vacuolisation. The 


1 Op. Grynfeltt, and Flint who moreover compares the — the cortex of 
the fetal pig to that of liver. 
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Fig. 3. Longitudinal section of suprarenal gland of ¢ Echidna. 
' 1. Medulla, with blood spaces encircling the large masses. 
2. Cortex, of homogeneous structure. | 
8. Nerve cells of scattered ganglia. 

e 4, Trunks of non-medullated nerves entering the mass. 

Fig. 4. Magnification of that part of medullary pole which includes the large ganglion 
mass, 8, on the right in Fig. 8. 
it coincide with the tissues above. Numbers as in Fig. 3, but in addition: _ 


(a) Artery with muscular wall. 
(b) Large venous space with simple endothelial wall. 
(c) Arona of ols containing afew larger cl ha wre 
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in appearance. between them and the true ganglion, cells; being well preserved like 
the latter, but not so granular nor deeply stained with hamatoxylin. 

 Clumps of obvious ganglion cells, 8, are closely connected with the medullary 
cells. The nerve trunks, 4, approach these clumps and’ are probably preganglionic. 

In the:cat large bundles of non-medullated nerves may be seen entering the hilum of 

the gland and passing as a bundle into the heart of the medulla: these are presumably _ 

postganglionic, for nerve cells can but rarely be seen in the cat’s gland. 
whole cortex was occupied by a network of wide meshed iain and. 
was not divided into lobules. 

At the medullary pole masses of ordinary ganglion cells with 
connected nerve trunks lay in the tissue enveloping this end of the 
gland, and a few nests of these cells were embedded in the medulla: with 
but the frailest wall of connective tissue between them and the medullary 


cells (cp. Fig. 4). 


V. EFFEcT OF SUPRARENAL GRAFTS ON THE GUINEA-PIG. 


_ The guinea-pig stands somewhat apart from other animals in its 
development of brown granules in the cortex. It was possible that 
these might be connected with a new and peculiar activity of the 
cortex ; and at first sight the following experiments seemed to indicate 
the same. 

When considering the beneficial effects of grafting siupearenal glands 
upon glandless animals, we found it to be impossible to transplant 
@ guinea-pig’s suprarenal into a guinea-pig, because the graft caused 
intense irritation of the surrounding tissues. A gland removed under 
aseptic conditions from one animal was cut in two and placed beneath 
the abdominal skin of a second. Within a few hours the tissues around 
were puffed out, and there was clearly a sense of irritation from the 
spot. Next day the area of swelling was increased, the skin over the. 
gland had turned green, and a slightly malodorous, clear, non-clotting 
fluid was transuding from between the skin sutures. This escape 
gradually relieved the irritation, the skin sloughed away over the area 
of early swelling, and the animal recovered. But when the fluid was 
confined by painting the skin stitches with an impermeable dressing of 
collodion, the irritation extended. rapidly over the surface of the body ; 
the animal's temperature fell ; it became comatose, ‘and died in 30 hours. 
The internal viscera showed no hemorrhage, with the exception of great 
reddening of the cortex of the suprarenals; and there was no effusion into 
the internal serous cavities. Histologically the suprarenals were found to. 
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be devoid of chromaffine substance, and of brown granules: the fat had 
spread over all the cortex, and hemorrhages bad occurred in its outer 
third. Such a condition of complete “exhaustion” is similar to that 
shown in death by diphtheria poisoning, though the hemorrhagic 
extravasations are then universal. 

In subsequent experiments the animal was generally killed so 
soon as the characteristic cedema was established, and the reaction 


was not allowed to proceed until death An attempt was made to — 


identify the irritant substance in the gland. 
"In the first place the suprarenals of guinea-pigs were planted beneath 
the skin of other animals, namely the rabbit, rat, and cat. No inflam- 
matory reaction at all was observed, and the gland was slowly absorbed. 
Next, rabbit received in graft a rabbit’s suprarenal and rat a rat’s. 
No irritation or sloughing was caused. This last result conforms with 
the various accounts! of gland grafting that have been published, in 
which, however, the guinea-pig has not been considered. 
It was therefore manifest that the guinea-pig is to be regarded as 
peculiar in its reaction to suprarenal grafts; and it became necessary to 


learn whether or no the corroding agent is present in the supra- — 


renals of other animals. 


Adrenalin itself might conceivably be the agent. Of this drug 


4 mgm. in 4 c.c. injected subcutaneously killed the animal in an hour, 
_ with hzemorrhagic effusion into the lungs. 0°3 mgm. caused no cedema: 
the skin over the injection area became discoloured and ultimately 
sloughed away. ‘To lessen the rate of absorption and approximate it to 
the conditions under which adrenalin might be liberated from engrafted 
glands, a thin celloidin sac containing 1 mgm. adrenalin in 1 c.c. salt 
solution was placed beneath the skin. This caused neither oadema nor 
irritation, but slow discolouration followed by necrosis of the skin. For 
the same purpose adrenalin in the form of solid tabloids of Hemisine 


were placed beneath the abdominal skin: 5 mgm. killed in 3 hours; 


2 mgm. in 9 hours without edema or solution of subcutaneous tissues, 
but with asphyxial congestion of the lungs; 1 mgm. produced no 
cedema, but in a week the skin sloughed away, and then the wound healed 
rapidly. Adrenalin then might kill, or cause skin necrosis, but not 


1 E.g. in rat by Pal (Arch. mikr. Anat, u1v. p. 441, 1899) and Cristiani (Journal de 
Physiol. et Path, 1v. p. 887, 1902) with survival of the cortical cells. And in rabbit by 
Busch and Van Bergen (American Journ. Physiol. xv. p. 444, 1906) with survival of 
medulla. These transplantations were, however, made to a deeper than subcutaneous 
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SUPRARENAL GLAND. 
the inflammatory reaction with wdema and corroding solution of the 
tissues. 

Other animals. (a) In two experiments the entire gland of a cat 


was cut open and placed beneath the abdominal skin of a guinea-pig. 
No cedema or irritation ensued: but the skin was slightly blanched, 


‘and in a week or so sloughed away over the implantation area. A third, 


however, a very large and typically normal gland from a cat that had 
recently suckled kittens, killed a small guinea-pig in 36 hours: the 
subcutaneous tissues were then hemorrhagic but not dissolved, the 
suprarenals engorged with blood and completely “exhausted.” 
Fragments of a dog’s gland that equalled the mass of a guinea-pig’s 
entire gland were then tried. Again no cedema resulted, but the skin 
over a varying area ultimately sloughed away. Such sloughing without 
cedema is the same as that caused by the subcutaneous injection of 
adrenalin, of which the gland of a cat may contain 1 mgm. | 


(b) Bullock. A large, clean mass of medulla killed.a guinea-pig in 
17 hours, causing no edema but hemorrhage in the lungs. The 
symptoms agreed with those of simple adrenalin poisoning. Several 
strips from the cortex, equivalent in bulk to more than one large gland 
of a guinea-pig, caused a very slight thickening and local cedema of the 
adjacent muscles; over this the skin soon formed a dry crust and 
all healed well. 

Sheep. A large piece of medulla, ened to be laden with chromaffine 
substance, caused death in 12 hours with partial exhaustion of the 
suprarenals. A small piece of the same, equalling about the third of a 
guinea-pig’s gland, caused death in 30 hours, with moderate oedematous 
corrosion and complete exhaustion of the suprarenals (cp. Fig. 4 Pl. 1). 
Three large cortical strips, which in the sheep contain neither the fatty 
nor the doubly refractive substance of the cortex, caused death in 
24 hours with extreme hemorrhagic corrosion. 


(c) A quite small gland from a rabbit produced extreme oedema, 
killing the guinea-pig in 20 hours. 

Six glands from three rats, each animal being of about 110 gms. 
weight, were cut open and placed beneath a guinea-pig’s skin. In the 
aggregate the mass was about half that of one gland of a guinea-pig. 
Extreme hemorrhagic effusion over all the ventral surface was the result. 

The gland of a French guinea-pig caused the usual cedematous 


effusion in an English animal. Those of a hedgehog, taken in April — 


when the animal had recently emerged from hibernation and the glands 
PH, XXXIV. | 24 
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were almost normal, killed a guinea-pig in less than 30 hours with the 
most extreme solution from neck to tail: but on the same day those 
from another, which was more active and had quite normal glands, 
caused in 30 hours only slight edema together with almost complete 
exhaustion of the glands. 

The gland of a young cockerel, its mass being about ‘09 gm., was 
transplanted to a guinea-pig. In each of two experiments, extreme 
corrosion and tissue solution rather than oedema resulted, with death in 
30 hours.. The suprarenals were greatly congested, chromaffine substance 
and cortical pigment having disappeared and the latter having been 
replaced by the pink tint of early fat development. 

These results lead to the conclusion that the peculiar edema and 
solution of the guinea-pig’s tissues are caused not by adrenalin nor bya 
substance occurring in all mammalian suprarenals; but by something __ 
that is present in those of rodents, that is rat, guinea-pig, and rabbit ; 
in the hedgehog; to a modified extent in the sheep and cow; and 
perhaps not at all in the carnivores, as exemplified by the cat and dog. 
But in the fowl it seems to be more abundant than in the guinea-pig. 

Nature of the substance. As to the distribution of this substance in 
the guinea-pig’s glands, it was in the first place clear that it could not 
be identified with the pigmented granules as such, for these do not 
exist in the rabbit or fowl. Moreover the glands of a young guinea-pig 
of about 150 gms. weight, which contained no cortical pigment, were 
found to be fairly irritant. 

Implantation of large pieces of guinea-pig’s kidney and of spleen 
had no irritant effect. Next, the fatty zone forming the outer shell was 

_ cut away with a razor in strips from two large pigmented glands; and 
the aggregate mass, which equalled that of a single small gland that 
would have been competent to cause corrosion, was placed beneath the 
skin of a guinea-pig. In each of four experiments no reaction followed, 
and the mass could still be discerned beneath the skin many days later. 
In control the cores of these glands were found to be fully irritant. 

Strips cut deeper to include much of the pigmented zone caused 
slight puffiness, and the whole mass seemed enlarged the next day owing 
to infiltration of the neighbouring tissues with clear fluid. To transplant 
only the medulla of a guinea-pig’s suprarenal is anatomically impossible : 
‘but it was found that small pieces of medulla and cortex were more 
irritant than much larger pieces of cortex alone. It would appear, then, 
that the harmful agent resides chiefly in the medulla, but is present to 
a small amount in the deeper layers of the cortex. s 
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It is destroyed by heating to 65°. In two experiments a gland 
was warmed in saline solution at 61° to 65° for eight minutes: it was then 


‘crushed in a mortar and implanted. The only reaction was that of a 


narrowly limited skin slough. 
It is diffusible. Both glands from a small guinea-pig were minced 


and placed with a little salt solution in a delicate celloidin bag, which 


was tied and sealed with celloidin and then implanted. In two days the 
muscles over all the front of the abdomen were swollen hard and tense 
with cedematous infiltration; but the areolar walls of the connective 
tissue had not broken down, so that fluid could not be easily expressed. 


: Immediately around the bag the tissues were dissolved. 


Conceivably the irritation might be caused by products of gland 


_antolysis, the ferment being destroyed at 65°. But a gland from a body 


that had been kept after death for two days at 20° produced hardly any 
irritation. 

The substance is not a part of the permanent framework of the 
gland, for the reaction at times failed; the failure being due to default 
of the transplanted gland, as proved by using more than one guinea-pig 
to test the graft. These variations did not seem of interest enough to 
merit close study: but it should be observed that a gland from an animal 
which was on the point of dying as the result of a suprarenal graft, and 
of which the glands showed almost complete “exhaustion,” that is 


failure of cortical pigment and of chromaffine substance, were found to 


be exceedingly corrosive. 

Last of these somewhat tangled restrictions is the curious fact that 
corrosion occurs only when the gland is transplanted to the surface 
tissues. Thus the left suprarenal of a fowl was placed within the 
abdominal cavity of a guinea-pig. Two days later the animal was killed, 
and the gland found loosely attached to the great omentum. All the 
tissues as well as the suprarenals of the guinea-pig were perfectly 
normal. The right gland of the same fowl placed beneath the skin 
killed a second guinea-pig in 30 hours with typical symptoms and 
complete exhaustion of the suprarenals. The same contrast was 
established for the glands of a guinea-pig transplanted into the same two 
places. In one experiment moreover a gland placed between the 
peritoneum and the deep layer of abdominal muscles was without effect, 
whereas the second gland beneath the skin killed another animal typically 
in 30 hours. 

The experiments are inadequate to distinguish whether these 
differences should be ascribed’ to a specific cytotoxin or to different 

24—2 
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conditions of temperature and circulation. A patent fact is that the 
hemorrhage and “exhaustion” of the suprarenal glands is not due 
simply to the introduction of another suprarenal into the animal’s body ; 
for were such the casé it would be more severe with the rapid absorption 
from the peritoneal cavity. It must be a secondary result determined 
by the necrosis of the superficial tissues and by the resultant disturbances, 
whether mechanical or chemical, in the animal's economy. 


F oa' was perhaps dealing with the same substance in the experiments _ 
_ in which he produced tissue necroses and coagulations by extracts of 
-calf’s suprarenal acting upon the guinea-pig. His toxic substance was 


destroyed by heating to 60°, and conjecturally stated to be a 


-nucleoproteid. 


VI. REMARKS AND GENERAL CONCLUSIONS. 


The aim of these experiments is to analyse both in bulk and in 
cellular detail some of the changes of the suprarenal glands under various 
conditions, and to determine whether those of the cortex are governed 
by, or proceed independently of, those of the medulla. A close 
relationship would suggest interdependence of function : but the 


- evidence obtained is ambiguous. 


The medulla is identified by its yellow chromaffine stain, and its 


volume in any gland measured by the summed areas of serial sections. 


The paraganglia, which are few in the guinea-pig, are neglected by us. 

Among mammals the guinea-pig is conspicuous by the huge 
development of its suprarenal, the ‘growth being chiefly of cortex. 
Relatively to body weight its medulla is slightly less than that of the 
dog, both, however, being high for mammals; but its cortex is tenfold as 
great as the dog’s. In the fowl on the other hand the medulla is thrice 
as great as that of the guinea-pig and the cortex is quite small. Judging 
by this and Grynfeltt’s study of the Selachians, it would seem that the 
lower the animal in the scale of vertebrates the larger is its stock of 
chromaffine tissue. Kohn’s work has illustrated the wide and plentiful 
distribution of these cells in the mammalian fetus. The mass of them 
forming the medulla of the suprarenal grows until puberty in the cat, 
rabbit, and guinea-pig: and then it remains practically stationary 
throughout. the rest of life. The cortex continues to increase :—for 
example in a guinea-pig the body weight grew fivefold, and the cortex 
twelvefold, while the medulla was almost unaltered. > 


1 Arch, Ital. Biol. xxxv. p. 250. 1901. 
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. Gestation accelerates the growth of the gland, so that for a time 
that of the female outstrips the male. In such increase the cortex is 
concerned, but there is undoubtedly growth of the medulla also, Our 
analyses are too few to trace the changes satisfactorily. 
_  But'it should be observed that in the bird there is no growth, either 
in male or female, after adolescence. For example the glands of a young 
Minorca chicken weighed nearly as much as those of an active three 
year old cock of the same breed and four times the body weight. The 
older bird seemed to contain no more cortex than the younger. So the 
argument that might be based on the association of tumours of the 
suprarenal cortex? in man with prococious bodily and sexual development 
is not supported by the seeming independence of gland growth from 
reproductive activity in the bird. 

A clean separation of cortex from the mass of the medulla is not the 
universal rule in mammals. In the rabbit the two are interwoven along 


the fringed edge where they meet. In the guinea-pig fat bearing cells 


occur scattered throughout the strands of chromaffine cells ; and if these 
are to be regarded as cortical, then the admixture of the two tissues must 


be even closer than in the bird. 


In the Australian Monotremata the original mass of the gland, as 
indicated by its position with regard to. the blood vessels, is of cortex 
interwoven very coarsely with medulla: from this at the further pole 
juts out a great overgrowth of the cortex. The histological character of 
the cells of the outgrowth in the Ornithorhyncus is important. They 
are essentially fat producing—doubtless holding too the doubly refractive 
substance akin to lecithin. The formation of this stuff, that resembles 
so closely the medullary sheath of ‘nerves, seems here the aim of the 
suprarenal’s evolution. 

Perhaps the synchronous development of cortex and medulla in the 
bird, which gives the histological contrast between its gland and those of 
the mammal, may be determined by the physiological differences between 
oviparous and viviparous reproduction. But that is not the chief matter. 
It is the great development of the cortex that distinguishesthe 
mammal; and this reaches its acme in the guinea-pig. To speculate 


. on its meaning would at present be idle. The overgrowth in the various 


animals bears no obvious olationstip to the development of the 
medulla. 
Compensating hypertrophy we could not readily produce. The 


1 Op. Bullock and Sequeira, Trans. Path. Soc. London, vt. p. 189. 1905. 
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English guinea-pig cannot survive the removal in one operation of a 
single gland. By piecemeal extirpation a gland was successfully 
removed: the medulla of the gland left behind grew, and the cortex 
apparently not. But in a rabbit both cortex and medulla grew. 

As signs of secretory activity four substances are recognised in the 

A fatty, and a doubly refractive substance. 
Brown granules of the cortex. 
The chromaffine substance of the medulla. 

The first two are nearly related. The doubly refractive substance 
increases with rest, when the fat becomes less abundant. In phases of 
“exhaustion” it vanishes, and the fat spreads over all the cortex. But 
neither are essential factors in a generalised type of cortical activity, for 


neither appear in the sheep. 


The brown granules occur characteristically and plentifully in the — 
guinea-pig, and over a restricted area in the Ornithorhyncus. They 
accumulate with rest, and disappear very early in exhaustion; the 
cytoplasm of the cells in which they have been stored tii = 
velope fat. 

Exhaustion of the. medulla is shown by progressive thinning of its 
yellow stain, which at last vanishes. 

These changes, both in cortex and medulla, move in close parallelism 
one with another in pathological states of the body ; but stimulation of 
the splanchnic nerves seems to affect chiefly the medulla. 

Finally it is shown that the subcutaneous tissues of the guinea-pig 
are peculiarly sensitive to suprarenal grafts, which produce in them 
cedema and hemorrhagic solution. No other animals react so, and 
even with the guinea-pig cedema and death do not follow intraperitoneal 
grafts. The irritant substance is diffusible, and is destroyed by heating 
to 65°C. It cannot be identified with any of the four secretory 
substances named above: and though occurring chiefly in the medulla, 
it seems to be practically absent from the suprarenals of carnivores. _ 


[The expenses of this research were chiefly defrayed by grants from the Government 
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PLATE I. 


The figures are from glands hardened in the formalin chromate mixture, stained with 
Scharlach R., and mounted in glycerine. Detail of each gland is given in a small sector. 


Fig. 1. Section of suprarenal gland of cat. Chromaffine cells a full yellow. Fat, stained 
. pink, occupies the outer third of the cortex, reaching nearly to the capsule, and a. 
few globules lie scattered close to the medulla. Except for the latter the gland is 
typically normal : these had probably developed during the experiment under ether 

_ which immediately preceded death. For the same reason the doubly refractive 


substance, which is not indicated in the drawing, 
and did not fill it. 


Fig. 2 Suprarenal gland of cat dying of disease accompanied by very low blood pressure. 
Yellow chromaffine stain seen faintly in a few patches of medulla. Fat aggregated 
chiefly in the inner half of the cortex. Occasional crystals of doubly refractive 
substance in the outer pink half, none in the inner. 


Fig. 8. Normal suprarenal gland of guinea-pig. Fat in outer half of cortex, extending 
in rays down to the inner part, of which the cells are loaded with brown granules that 
are represented in grey. Medulla stained a brilliant yellow, and showing occasional 
patches of cells with scarlet fat droplets. Doubly refractive substance was dotted 
over outer half of cortex. 


Fig. 4. Exhausted suprarenal of guinea-pig, that had been killed in 30 hours by the 

implantation of a piece of sheep’s medulla beneath its skin. Fat had extended 
throughout cortex, which now contained neither granules nor doubly refractive 
substance. Medulla devoid of yellow. 


Fig. 5. Medulla of normal guinea-pig’s suprarenal under one-twelfth oil immersion lens, 
.. Showing nests of colourless cells with scarlet drops of fat. Chromaffine cells a 
homogeneous yellow. 


(a) Red blood corpuscles, stained rusty brown, lying in capillaries. 
(b) A granular leucocyte, unstained. 


| Fig. 6. Medulla of guinea-pig’s right suprarenal, showing intrusion of cortical strand of 
Hi cells with brown granules (represented in grey). The cortical cells have the pink 

2 tint (coloured too deeply in the lithograph) of early fat development, caused by the 
: section of the left splanchnic nerve three days previously, Lying upon them are 

: occasional cells with fat droplets. A sinuous cord of these was so cut as to leave a thin 

‘ slice with fat drops upon the cortical cells at a, and crossing the capillary an almost 

: _ @omplete cell upon the chromafiine cells at b. At ¢ a few scarlet fat drops lay 
4 ' beyond doubt together with the granules in a cortical cell. 
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FURTHER OBSERVATIONS ON THE TIME- RELA- 


TIONS IN THE ACTION OF TRYPSIN. By S. G.. 


HEDIN, 
(From the Lister Institute of Preventive Medicine, London.) 


Some time ago I published a paper on the action of trypsin, in which it 
was shown, that if in different digesting specimens everything except 
the amount of enzyme and the time of digestion was the same, then the 
effect was the same in all samples for which the amount of enzyme 
multiplied with the time of digestion was the same’. This rule evi- 
dently involves that the effect is the same after the expiration of the 
same number of trypsin time units. The result was obtained by esti- 
mating the amount of nitrogen not precipitable by tannic acid in the 
digested fluid, and the rule was found to hold good for casein, serum 
albumin, white of egg and even for Witte’s peptone, when these 
substances were digested in solutions which were as neutral as possible. 

Casein contains another constituent, which can easily be determined 
and by which the validity of the above law can also be tried, namely 
phosphorus. I have estimated the amount of phosphorus which is 
transformed by the trypsin into such a form that it is no longer 
precipitable, by tannic acid, and I have been able in this way to verify 
the above time law. 

The trypsin was prepared as indicated in my previous paper; 
the casein solution contained 2°5°/, of casein in 0°1°/, Na,CO, solution. 
For the estimation of phosphorus Neumann’s method was used?, 
and the “effect” represents the number of cc. of decinormal alkali 
wanted for the neutralisation, after making the necessary deductions 


determined in special controls without trypsin and also in some of the 


trypsin itself. 

One c.c. of decinormal alkali corresponds to 0°254 milligrams of P,O,. 
The non-precipitable phosphorus in the trypsin solution was very low. 
It corresponded to 3°5 c.c. of decinormal alkali in 100 cc. of trypsin 
‘ solution. During the digestion each specimen contained 100 c.c. cas. 
sol. + 30 cc. (tryps. 4+ H,O). At the end. of the digestion 50 c.c. of 


1 This Journal, xxxu. p. 468. 1905. 
® Zeitschr. physiol. Chem. xxxvu. p. 129. 1902. 
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tannic seid solution were added and 195 cc. of filtrate were taken for 
each analysis. 


Effect 
Exp. 1 10 5 961 
20 2% 25:6 
10 80-45 
80 2} 81-25 
Exp. 2. 10 4 19°1 
20 2 18°35 

5 12 28°35 

10 6 28°6 

20 3 23 
80 2 22°5 


One specimen with 10 cc. of trypsin was digested for 3 days and 


~ gave the effect 76, showing that in the above experiments only part of 
_ the phosphorus had been split off. 


_ The phosphorus of casein is very readily split off by the action of 
alkali as shown by Bayliss and Plimmer'. According to these authors — 
practically all the phosphorus is rendered soluble in tannic acid by 1 °/, 
NaOH at 87° for 24 hours. I have tried whether the alkali used for 
dissolving the casein has any influence upon the splitting off of phos- 
phorus by digesting at 37° 100 c.c. of 2°5°/, casein solution in 0°2°/, 
Na,CO,. The phosphoric acid obtained from 125 c.c. of the tannic acid 
filtrate after 48 hours’ digestion corresponded to 5'2 c.c. of decinormal 
alkali, which figure is considerable as compared with the amount of 
phosphorus set free by the trypsin in my experiments, and one might not 
be justified in assuming that the influence of the alkali would be the same 
with and without the presence of trypsin (cf. Bayliss and Plimmer, 
p. 459). In order as far as possible to diminish the influence of the 
alkali I have in my above experiments only used 0°1°/, Na,CO, for 
dissolving the casein and at the same time the time * digestion 
was confined to some hours. 


SuMMaRY. 


The rule, that the tryptic effect is the same after the expiration of 
the same number of trypsin time units, which has been previously found 
to be valid as far as the splitting-off of nitrogen is concerned, is confirmed 
with regard to the splitting off of phosphorus from the casein molecule. 


1 This Journal, xxxu. p. 453. 1906. 
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ON THE OPTIMAL ELECTRIC STIMULI OF NORMAL 
AND CURARISED MUSCLE. By KEITH LUCAS, 
Fellow of Trinity College, Cambridge. (Six Figures in the Text.) 


(From the Physiological Laboratory, Cambridgt) 


THE original intention of the experiments here described was to 
determine whether to the muscles of different animals there could be 
assigned definite and different optimal electric stimuli. The expression 
‘optimal electric stimulus’ is used in the sense in which Waller™ 
speaks of the ‘characteristic’ of nerve, meaning the rate of condenser 
discharge which excites the tissue with the expenditure of least energy. 

Waller® found indeed that the optimal electric stimulus for frogs’ 
nerve differed greatly from that of mammals’ nerve, so long as the 
nerves were examined each at the normal body-temperature of the 
animal from which they were taken: But the values found were largely 
changed by change of temperature, and, on the evidence of one 
determination, Waller suggested that possibly, if differences due to 


unlike temperature were to be eliminated, the optimal electric stimuli — 


_ for the nerves of amphibia and mammals might be alike. But the 
_ widely different body-temperatures which are normal for amphibia and 
for mammals render it impossible to compare the excitable tissues of the 
two classes in this particular. For no single temperature can be found 
which is not pathological for either the one class or the other. 

I therefore chose for a preliminary comparison the muscles of the 
frog and the toad. For the normal temperatures of these animals are 
alike. And the observations of Schott, made on their muscle-nerve 
preparations, rendered it probable that the optimal electric stimuli of 
their muscles would be found to differ widely. 


Eaperimental methods. Yn determining the optimal electric stimulus 
I have always proceeded by one of the methods suggested by Waller“, 
choosing arbitrarily an increasing series of potentials to which the 
condensers were to be charged, and seeking, for each potential, the 
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minimum capacity which yielded a contraction of the muscle. so this 


way a series of minimal stimuli with increasing rate of discharge was 
obtained. The energy expended in each of the minimal stimuli so 
obtained was then calculated from the formula | 


E=5FV*, 


where £ is the energy in ergs, F the minimum capacity (microfarads) 
which yielded an excitation of the muscle, and V the potential (volts) 
to which the condenser was charged. The minimal stimulus which 
involved the smallest amount of energy was then taken to represent the 
optimal electric stimulus. The number representing the rate of 
discharge for that stimulus was calculated from the eecage 


x 868700, 


where V is the potential i in volts, F the capacity in microfarads, and R 
the resistance in ohms of the circuit through which discharge took 
place. Numbers comparable among themselves might, of course, have 


been obtained by determining simply the value of 7n but the constant 


868700 was used, in order that the results here obtained might be 
comparable with those obtained for the optimal electric stimulus of 
nerve in Waller’s experiments. | 

Two arrangements, A and B, were used for charging and discharging 
the condensers. 

In method A (Fig. 1) K, and K, were first made, and the condenser 
was so charged, K, was then broken, and K, made as quickly as possible 
after breaking K,. My thanks are due to Prof. Gotch for kindly 
pointing out to me the defects of this method, namely the variable leak 
of the condenser due to varying time between the break of K, and the 
make of K,, and the uncertainty of a satisfactory make at K,. He also 
suggested a method (B) by which these difficulties are entirely avoided. 

In method B (Fig. 2), X, is first made, so that. the muscle shall not 
be stimulated during the charge of the condenser; K, is then made, and 
the condenser so charged; K, is then broken; the condenser is then 
discharged through r, and M by the breaking of K,. In this method 
the condenser is maintained at the full potential until the instant of 
breaking K,, when discharge occurs: and the discharge is effected by a 
break, not by a make. 

The condenser discharge was led into the muscle by man-spobesienble 
electrodes. The ordinary forms of such electrodes render it difficult to 
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ensure an unvarying contact between the woollen cables and the 
twitehing muscle, and also are subject’ to changes of resistance due to 
changes of température and to partial drying of the cables. To avoid 
these sources of error a form of electrode was made which is shown in 


Fig. 3. 


A 


C 
Ke 
ry 
: 
a K 3 | 


Kz 


Fig. 1. ‘Fig: 2. 
Fig. 1. Method A. K,, battery key, K,, charging key, K,, discharging key. r,, r,, variable 
- yesistances for, obtaining required potentials. ¢, condenser of variable capacity. M, 
muscle, This method was used in experiments 1 to 38. 


Fig. 2. Method B. K,, battery key. r,, constant resistance of 1000 chms, r,, variable 
resistance by which required potentials are obtained.. K,, short circuiting key. C, 
condenser. M, muscle. This method was used in experiments 39 to 52. 


The glass U-tube A has one end closed by the porcelain filter tube 


K. The left limb of the tube is completely filled with Ringer’s solution, 
the right limb is filled up to the level C. A second tube B is closed at 
its upper end by a filter tube X,, and has at its lower end a round hole 
D, 4 mm. in diameter. The whole of this tube is filled with Ringer's 
solution, These tubes, A and B, form the two electrodes. The tube B 
earries a side tube Z, through which there passes air-tight a glass rod 
F. When a muscle is to be placed in the apparatus, the hooked end of 
F is first pushed downwards through the hole D; the muscle is then 
_ attached to the hook, and the rod is drawn up again into the position 
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shown in Fig. 3. The rubber ring @ slides on B, and serves to. 

regulate the distance between D and C. The. porcelain tubes K and KX, 

contain saturated solution of zinc sulphate into which there dip 

| amalgamated zinc rods. The muscle hangs freely between the two 
ee surfaces of Ringer's solution at C and D, which are the ends of the two 
Pa electrodes A and B. 
With electrodes of this form no change in the relative positions of 


4 
/ 


Fig. 3. A and B, electrodes formed by glass tubes filled with Ringer’s solution. K and 
__K,, porcelain tubes filled with saturated solution of zine sulphate (H), and dipping in 

the Ringer’s solution. .C and D, surfaces of liquid through which the muscle passes. 
J, air space between the two electrodes. Scale 4 approx. | 
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musele and electrodes will occur, unless the stimuli used be so strong as 
to cause some contraction remainder in the muscle. Also a fairly 
constant state of moisture in the muscle is ensured by the fact that 
both ends of the muscle dip into Ringer's solution, while the moist 
chamber (J) is of small capacity and completely closed. The tempera- 
ture too can be kept within small limits by the immersion of the whole 
apparatus in a large water-bath. In these experiments the water-bath 
was lagged with wool, and the variation of temperature during the 
course of an experiment never exceeded 0°2°C. The temperature 
‘observed at the end of each experiment is shown in the lists of results 
given below; it lay always between 10° and 11°C, All these precau- 
tions were taken to prevent the resistance of muscle and electrodes from 
varying during the course of an experiment. That this object was 
nearly enough attained can be seen from those cases given below, in 
which the resistances found in pairs of successive experiments made, at 
intervals of about 20 minutes, upon each muscle are recorded. 
The resistances found in such cases were : 


Exp. Resistance Exp. Resistance 
2 5850 ohms 14 12000 ohms 
2a 4330 l4a 12000 
9 19500 16 18800 
9a 20000 16a 19400 

10 11800 20 18560 | 

10a 16200 20a 19990 

11 11200 23 21500 

lla 10870 23a - 31000 

12 15700 26 18000 

12a 16100 26a 18880 

13 113850 

18a 10910 


(In Exps. 7 and 8 resistances assumed to be unchanged.) 


The resistance was determined with a Wheatstone’s bridge and 
galvanometer, an alternating current (20 per sec.) being used to prevent 
the little polarisation’ which might take place owing to the salts 


1 This might seem an unnecessary precaution, but in some preliminary experiments 
I attempted to use the alternating current with platinized platinum electrodes, dipping 
straight into the Ringer’s solution, and found that the rates of alternation at my disposal 
were not high enough to give a steady value for the resistance, owing to’ the rapid 
polarization of so strong a solution of salts as Ringer’s. I therefore was driven to the use 
decided to retain 
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diffusing slightly through the porcelain tubes. The alternating current 
was rectified by a commutator before it was sent into the galvanometer. 
For determining the resistance it was necessary to use a current so weak 
that the muscle was not stimulated. The value R given in each 
_ experiment is that of the whole resistance through which the condenser — 
was discharged. About 1500 ohms of this total is due to the non- 
polarisable electrodes, the resistance of the muscle itself varies therefore 
between about 4000 ohms and 20000 ohms. 
The battery consisted of 4 to 8 dry cells giving 1°4 volts per cell. 
In method A the required potentials were obtained by varying both r, 
and r,, their sum being always 10000 ohms. In method B, r, was 
always kept at 1000 ohms, since the condenser discharge passed through 
this resistance, and the potential was varied by varying 75. 
The demarcation current of the muscle, as led off by the two 
_ electrodes, was usually of the order of 0°002 volt, and ranged between 
the extremes of about 0:0005 and 0:005 volt. As the potential of the 
condenser ranged from 0°22 volt to 112 volts, the effect of the demarca- 
tion current is probably negligible. 
The condenser used was one made for the purpose by Muirhead, 
having a range from 0°001 to 1 microfarad by steps of 0-001. This was ; | 
supplemented by a second giving 1 to 20 microfarads by steps of 1. , 
: microfarad. For the loan of the latter I am indebted to the generosity 
a of the Telegraph Construction and Maintenance Company. ; | 
The contraction of the muscles was observed directly through 
; a window in the lagging which surrounded the water-bath. I believe 
that, where it is a question only of the occurrence or absence of contrac- 
tion, direct. observation may be made as accurate as any method of 
recording. For the muscle, hanging freely in a solution of specific 
gravity not much less than its own, and weighted only by a small 
_ portion of bone left adhering to it, responds with a considerable move- 
ment to the contraction of quite a small number of its fibres. 


THE SARTORIUS OF THE FROG. - 


Experiments were made first on the sartorius muscle of the Frog. 
Most of the muscles showed a result similar to that of Exp. 1, the 
energy necessary to produce a contraction falling at first as the rate of 
discharge of the condenser was cekonbe, then reaching a minimum, 
and subsequently increasing. 
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Exp. 1. Sartorius of Frog. Resistance (R)=18200 ohms. Temperature (T)=11°C. 


0-448 2°51 
0°672 1010 

0806 
1°12 0°230 1°44 minimum 
2°24 0060 1°51 
4°48 0°022 (221 
6°72 0°015 889 
8-96 0-011 4°43 

11-20 0-008 4-92 


The, minimum energy occurs in Exp. 1 with a potential of 1°12 volts, 
a capacity of 0°23 microfarad, and a resistance of 13200 ohms. 
_ This gives for the value of the optimal electric stimulus : 


x 868700 
0°23 x 13200 


But occasionally the energy required to produce a contraction 
showed two minima, as in Exp. 2. 


Exp. 2, Sartorius of Frog. R=5850 ohms. T=10-1°C. 


318. 


V 
C=FR* 868700 = 


V (volts) F (microfarads) E (ergs) 

0°448 1-400 1°41. 

0°56 0-800 1°26 

0°84 20 minimum 
1-12 0-250 1°56 

1°68 0-097 1°87 

2°24 0-051 1°28 minimum 
8°36 0°027 1°52 | 
4°48 0-019 1-91 

5°60 0-013 2-04 


Whence the values of ( are 367 and 6520. 
Another example of the two minima may be seen in Exp. 3. 


Exr. 3. Sartorius of Frog. R=6350 ohms. T=10-3° CO. 


__¥ (volts) F (microfarads) E (ergs) 
0°448 1°75 1-75 
0°56 1-07 3 1°68 minimum 
0°84 0°52 1-88 
1-12 0°33 2°07 
1-68 0-115 1°62 
224 0-051 1-28 minimum 
8°36 0-024 1-85 
4-48 0-014 1-40 


In this case the values of C are 72 and 6000. Twelve experiments 
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mse made thin: way upon sartorii of the frog. It will not be 
practicable, in view of the large number of the experiments which. 
have yet to be discussed, to give all results as fully as those already 
described. I shall therefore give for the remaining nine of these 
_ experiments made upon the frog only the data of the combinations of 
minimum energy. And similarly in dealing later with experiments 
made on the toad I shall give in full detail a few samples only. 


Results of Bape. 1—8 made upon sartorié of the Frog. 


Exp. T (Centigrade) R (ohms) V (volts) F (microfarads) stimulus C 
110 13200 1°12 0-230 1:44 318 
2 10°1 5850 0°84 0°340 120 

2°24 0-051 1-28 6520 

2a 10°2 4330 0448 0-71 127 

4 6850 0°56 1-07 168 72 

2°24 0-061 1°28 6000 

4 100 5480 1°68 0-051 0-72 5280 

5 10°5 6430 0-448 0-108 0:10 589 

6 102 0-84 0°550 1°94 251 

q 10°5 31160 0°56 0-085 0°13 518 

Ta 10°5 11150 0°56. 0-094 0°15 465 

j 8 110 12250 0-448 0-069 0-07 460 
8a 110 12250 0°56 0-720 1:18 
3°36 0-080 1-69 7950 
8b 110 12250 0-672 0°087 0-08 . 129 


Mere inspection of the values obtained for C shows that those values 
fall into two distinct groups, one group including values between 55 
and 589, the other group including values between 5280 and 7950. In 
three of the four cases in which the higher value has been obtained it 
has occurred in the same muscle with a lower value. In one case (Exp. 4) 


METHOD A. 

TOAD. Pe ce o fe 
oe 

868700 10 1000 10000 


PH, XXXIV. 25 


4 
4 
Fi { ra 
ig. 
4 
ag 
wi 
red 


the higher value alone has been obtained. ‘The two distinct groups are 
shown clearly in Fig. 4, where the observed values of C are promes ona 
logarithmic scale’. 


THE SARTORIUS OF THE TOAD. 


A similar series of experiments was next. made upon sartori of © 
| the toad. In the toad, as in the frog, some preparations show a single 
minimum, others two minima, But the two minima appear to occur 
| more often in the toad than in the frog. A detailed example of the 

single minimum is shown in Exp. 9, detailed examples of the two minima 


in Exps. 10a and 11a. 
Exp. 9, Sartorius of Toad. R=19500 ohms. T=10-5°C. 
V (volts) F (microfarads)  E (ergs) 
0-294 1-900 0-48 
0-836 0-650, 0-88. minimum 
0-370. 0-37 
0°56 0-250 0-39 
| 0-84 0-187 0-48 
1:12 0-090 0-56 
1-68 0-049 0-69 
0-082 0-80 
8:86 0-020 


Exp. 10a. Sartorius of Toad: R=16200 ohms. T=108°C, 


V (volts) F (microfarads) E (ergs) 
1-80 101 
0°448 0°67 0-67 
0-56 0°87 0°58 minimum 
0-84 0-175 0-62 
1-12 0-085 0°53 
1-68 0-032 0-45 
2°24 0-017 0-48 minimum 
3°86 0-010 0°56 
4-48 0-006 0-60 
and 7070. 


1 The logarithmic scale is, of course, uned:in order that like- percentage @idievence’ 
tions in any part of the scale. 
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Ale. Sartorius of Toad. R=10870 chms, T=10°5°C. 


V (volts) F(mierofarads) Elergs) 
0-448 1-807 181 minimom? 

d 0215 | 

q 2°24. 0-047 1:18 

3-36 0-029 | 1-64 


5°60 0°017 2°65 

O= (27) and 1720. 
In ry accompanying table are shown the results of thirteen 
experiments made in this way upon the sartorius of the toad. There 
are five cases of the two minima. The values of Care plotted in 
Fig. 4, where it can be seen that they fall again into two groups, one 
ranging from 16 to 81, the other from 486 to 8850. ) 


Results of Hups. 9—15 made upon sartorii of the Toad. 


9 105 19500 0336 8 6H 0-33 23 
10a 108 16200 0°56 0-37 0-58 81 
2-24 0-017 0-48 7070 
10°5 91200 1-68 0-041 0-58. 3180 
Me 106. 10870. 0°448 1/807 1°81 (27) 
1-68 0-078 1:10 1720 
12. 15700 0°56 0-457 0°71 68 
3°36 0-021 1:18 8850 
16100 0-448 0-620 0-62 39 
05. 20000 0448 # 0395 0-39 49 
10 108 TD 0-224 0-90 0°22 (18) 
18 11850 0-448 1-25 1-25 27 
1-12 0-11 0°69 780 
184 10°8 10910 0448 220 (16) 
: 2°24 0°05 0-13 3570 
14 10-4 12000 0-672. 0-10 0-238 486 
10-4 12000 0-84 0-076 0°27 800 
15 10°4 10130 1:12. 0-088 0-21 2900 


It is clear so far that for the sartorius muscle, whether of the frog or 
of the toad, two optimal electric stimuli of different rates can often be 


1 It occasionally happens that the range of potentials chosen has not been wide enough 
to afford an actual determination of the lower minimum. Where this is the case the value 
a | of C given is only an upper limit, below which the true value must have fallen; the , 
t figure is therefore enclosed ‘in brackets, and the plotting is shown as a circle instead of a 
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found. But. some muscles show only one optimal stimulus, when tested 
with similar rates of condenser discharge. Moreover, when the single 
optimal stimulus alone occurs, it may occur with a rate of discharge 
resembling that of either the higher or the lower of the two which are 
sometimes found both to yield optimal stimuli in a single muscle. 


THE ACTION OF CURARE. 


Experiments were next made to determine what change would be 


produced in the optimal electric stimuli by the action of curare. The 
sartorius of the toad was used, in preference to that of the frog, because 
it seemed in the normal state to yield the two optimal stimuli the more 
often. : 


In the first experiments made moderate doses of curare were used. 


The toads were dosed with 0°3 c.c. of 1°/, curare injected into the dorsal — 


lymph-sac. This was allowed to act for a period varying from three- 
quarters of an hour to four hours. The sartorius was then removed and 
placed in the apparatus shown in Fig. 3, the Ringer's solution in both A 
and B containing 0:03 °/, curare. The curare injected into the toads was 
always sufficient to abolish the possibility of excitation by the nerves, as 
was shown by the absence of any twitch when the nerves were severed 
during the preparation of the sartorius. The use of curare in the 
Ringer's solution was merely an additional precaution, designed to 
prevent the curare already in the muscle from being washed out. The 
solution of 0°03 °/, curare in Ringer's solution was found by experiment 
to abolish the excitation by the nerve in eight minutes, even when a 
fresh muscle was immersed in it. There can therefore be no doubt that 


Exp. 16. Sartorius of Toad. 0°3 c.c, of 1°/, curare injected, experiment made in 
0-08°/, curare. R=18800 ohms. T=10°6° C, 


V (volts) F (microfarads) E (ergs) 
0-224 1:460 0°37 
0-886 0°576 0°82 
0-448 0810 0°31 minimum 
0°56 0-211 0-33 
0-84 0-118 0-40 
1:12 0-078 0-46 
1°68 0-042 0°58 
2-24 0-029 0-73 
3°36 0-018 1-01 
4°48 1°80 
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Exe. 17.. Sartorius of Toad. 


R=68650 ohms, T=10°4° C, 


V (volts) — 
0°448 


0°56 
0°84 
1:12 
1°68 
2°24 
3°36 
4:48 


0°031 


C=80 and $420; 


E(ergs) - 


140. 
1-39 minimum 
1-62 

1-85 

2°12 

2°58 | 

3°12 


of Hapa. om off the Toad: of 
1 */, cwrare injected, experiment made in 0°03 °/, curare. 


are tabulated. 


TOentgrade) "He (ohms) 
16 10°6 18800 
«106 19400 
17 104 6850 
18 106 14450 
19 103 9200 
20 18560 
20a 106° «19990 
a1 108 6980 
22 10-4 9200 
23 10°5 21500 
28a 10°5 21000 
24 102 7080 
25 10°5 9300 
9 18000 
26a 10:5 18880 
the muscles used 


Potential 
V (volts) 


0°448 
0-336 
0°56 

2°24 

0:336 
0°386 
0°84. 
0°56 

0-336 
0-448 


60448 


6°84 
0-448 
0°448 
1°68 
0°448 
0°84 
0-448 
0°448 


0-310 


stimulus C 
0-81 67 
0-28 80 
1-39 80 
2-08 $420 
0-31 36 
1:07 (17) 
820 
0-70 54 
0-96 (25) 
M6... 
0-24 74 
0-18 653 
0-27 69 
1-30 (42) 
161 1920 
0°88 51 
106 268 

70 
0-24 


were curarised, in the sense that they would have 
proved inexcitable by stimuli applied to their nerves, From the muscles 
prepared in this way cases of both one and two optimal electric stimuli 
were obtained, the latter however less often than in the fresh muscles. 
Examples of both cases are given in detail, and all the results obtained 


In Fig. 5, are plotted the values of C obtained in these experiments 
on the curarised sartorius of the toad. The results previously obtained 
from the uncurarised sartorius of the toad are plotted in the same figure 
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for ease of comparison. It will be seen that, whereas the cases of 
optimal stimulus of lower rate are scarcely altered by the curare, those 
of the stimulus of higher rate are rendered relatively fewer and, on the 
average, somewhat lower. 


TOAD. METHOD A. 


24x 868700 10 100. 1900 19000 
Fig. 5. 


Experiments were next made with much stronger doses of curare. 
The curare was injected into the dorsal lymph-sac of the toads as before ; 
but. the muscles, after their removal from the body, were placed for 
twenty minutes in a 0°2°/, solution of curare, and the Ringer’s solution 
in the electrodes also contained 0:2°/, curare. Of twelve experiments 
made in this way, none showed the two minima. In one only did the 
minimum occur with a high rate of discharge. It will be observed that 
in most cases the lowest potentials chosen have been somewhat too high, 
so that it has been possible to determine only an upper limit, below 
which the actual minimum must have fallen. But the upper limits so 
found show that the true values, in all cases save one, must have been 
certainly as low as those to which we have previously referred as the 
group of stimuli of lower rate. It might be thought that. more emphasis 
should be laid upon the possibility that the actual values for the optimal 
stimulus of lower rate may have fallen in these experiments considerably 
below those of the observations previously described. But I think 
this can hardly be so, since experiments subsequently made by a more 
reliable method (see experiments by method B described below) showed 
the optimal stimuli of lower rate to be practically unaffected by this 
strength of curare, which sufficed to abolish completely the optimal 
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OPTIMAL ELECTRIC STIMULI. 


Exe. 29. Sartorius of Toad, 0°3 ¢.c. of 1%, curare injected, Musole placed for 


gh esas in 0-2 °/, solution of curare. Experiment made in 0°2°/, curare. R=8200 ohms. 
= 106°C, 


Vivolts) F (microfarads) E (ergs) | 

1:60 261 minimum 
0°745 2°63 

112 | 0°465 2°91 

1-68 0-254 8°58 

2°24 0-158 3°96 

280 0113 4°43 

8°36 0-086 4°85 
£48 0:059 5°90 

5°60 | 0-044 6-90 

C = (87). 


Exp. 85. Sartorius of Toad. 0°8c.c. of 1°/, curare injected. Muscle placed for 
20 mins. in 02°), solution of curare. Experiment made in 0-2°/, curare. R= 10650 ohms. 
T=10-4° C, 


V (volts) F (microfarads) E (ergs) 
0-336 414 0°79 
0-448 0°64 0°64 
056 0°36 0-563 
0-84 0-159 0-561 minimum 
112 0-091 0°57 
1°68 0-047 0°66 
2°24 0-081 0-78 
2°80 0-023 0-90 
8°36 0-019 1:07 
4°48 0-014 1°40 

C= 483, 


Results of Haps. 27—38 made on sartorii of the Toad. 08 cc. of 1"), curare 
‘anjected. Muscle after removal placed for 20 mins. in 0°2°/, solution 
of cwrare. Haperiment made in 0-2 °/, cwrare. 


Exp. (Centigrade) R (ohms) V (volts) F (mnicrofazads) E (eres) 
7930 0-448 1-60 (31) 

28 10°4 7750 0°56 19 207 (88) 
29° 106 8800. 251 (87) 

380 9850 0-448 110 (36) 

81 10°2 8230 0-448 1:40 (34) 

82 10-4 11350 0°56 1:8 
88 100 - 8500 0-56 
103. 9900 . 0336 18 

35 104 10650 0169 438 
37 “101° 0°68 063 51 

38 10-8 10860 0448. 16 160 (28) 
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~ stimuli of higher rate. Two sample experiments made with the strong 
curare are given in full detail, one (Exp. 29) showing a case in which 
only an upper limit to the value of the optimal stimulus has been 
determined, the other-(Exp. 35) being the only experiment made with 
this strength of curare which showed an optimal stimulus of high rate. 
In the remaining experiments the data for the combination of minimum 
energy are alone tabulated. The values of ( obtained in these 
experiments are plotted in Fig. 5, where they may be compared with 
_ those obtained with moderate doses of curare and with no curare. 


_ EXPERIMENTS REPEATED BY METHOD B. 


All the experiments hitherto described (1—38) had been made by 
method A (see Fig. 1), when Professor Gotch suggested the use of the 
more reliable method B (Fig. 2). I decided therefore to repeat the 
experiments with this method, fearing that the leak of the condensers 
might to some extent have vitiated the former results. The new set of 
experiments, however, told just the same tale as the earlier ones. When 
no curare was used, of five experiments made four showed the two 
minima (Exps. 39—43). When moderate doses of curare were used, of five 
experiments made two showed the two minima (Exps. 44—48). With 
very strong curare four experiments were made, and no case showed two 
minima, only the optimal stimulus of lower rate occurring (Exps. 49—52). 
There was one difference between the two sets of experiments, namely 
that in those made by method B the optimal stimulus of higher rate, 
when it occurred, lay.on the whole at a rather higher rate than in the 
earlier experiments. This difference is probably due to the leak of the 
condensers in method A. For such leak would be more considerable at — 
higher potentials, that is, with stimuli of higher rate; so. that there 
would be a probability of those combinations which involved higher 
potentials needing an increase of capacity to compensate for the leak. 
And this would make the apparent minimum energy for such —— 
greater than it should be. 

From these experiments made by method B three examples are given 
in full detail. One shows the two minima in the fresh muscle free from 
curare (Exp. 42). A second shows the two minima in the muscle 
moderately curarised (Exp. 45). A third shows the single minimum of 
lower rate persisting by itself after the use of strong curare sia 51). 
The remaining experiments are tabulated as usual. | 
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OPTIMAL ELECTRIC STIMULI. 387 
Exp. 42. Sartorius of Toad. Method B. R=11050 ohms. T=10-5° C. 


V (volts) _F (microfarads) E (ergs) 
0-398 1°37 1:10 
0°455 0-97 100 minimum 
0-560 O75 1°20 
0-700 0°515 1°26 
0°935 0-347 1°52 
1°40 0-215 2-11 
1°87 0-095 1°66 
2°24 0°056 1-41 
2°80 0°029 1:14 minimum 
3°72 0-017 118 
«4°66 0-011 1°20 
5°60 0-009 1°41 
C=87 and 7600. 


Exp. 45. Sartorius of Toad. Method B. 0:3 ¢.c. of 1°/, curare injected. Experiment 
made in 0-03 °/, solution of curare. R=12000 ohms. T=10-1°C. 


| : V (volts) F (microfarads) E (ergs) 
0-398 2-20 1-72 minimum 
0455 1-70 1-76 
0-560 1-20. | 1-88 
0-700 0:80 
| 0-985 2-25 
1:40 0-295 2:89 
1:87 0-204 8°57 
2-24 0-160 4-01 
2-80 - 4°75 
8°72 0-092. 6-87 
4°66 0-055 5-96 minimum 
5-60 0-041 
q O=(18) and 6133. 
a Exp. 51. Sartorius of Toad. Method B. 080.0. of 1°, curare injected. 
placed in 0-2°/, curare for 20 mins. after removal. mee in 02%), cue 
R=11850 ohms. T=10-2° C. 
Vivolts) (mlerofurads) E (ergs) 
0-398 8-00 2°37 
0-455 2-00 
0-560 1-30 minimum 
3 0-700 | 0-92 2°25 
1-40 0805 2°88 
1-87 0-199 8-48 
72 0-070 4°84 
4-66 0-049 


5°60 0-038 
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388 KEITH LUCAS. 

Eaperiments made on sartorii of Toad by method B. Without curare. 

| 2-24 0-023 7900 

40 10°0 8550 1:40 . O18 1780 

410 104 10950 0-56 0-89 140 50 
| 224 0027 0-68 6600 

42 10°5 11050 0-455 0-97 1:00 87 

| 2-24 0056 7600 

9520, 0-70. 1-02 68 

4-66 0-022 2-38 19300 


0°3 of 1%, ourers injected. Exp, in 0-03 curare. 


44 100 —-_:18700 0-56 11 82 
4 101 12000 0398 22 1-72 (18) 
4-66 0-055 5-96 6138 

46 10-1 9900 0-398 1-31 1-04 (27) 
47 10-2 10200 0455 1-05 1-08 87 
48 10°3 11800 0-898 0-56 0-44 (52) 
1-87 089 2700 

ewe. of injected. Muscle place for 20 mine. in 
0°2 °/, curare. Kap. in 0°2 °/, curare. 

49 10-4 9190. 0-455 26 2°69 17 
50 10-2 12750 185 107 
108 11850 13 208 
52 10°3 12100 0-70 09 | 220 56 


The results of all these experiments made. by method B are plotted 


in Fig. 6, where the effect of the different doses of curare can be clearly 


Up to this point it has been shown that in fresh muscle two optimal 
— electric stimuli are frequently observed ; that after moderate doses of 


curare, such as suffice to abolish the possibility of exciting through the . 


nerve trunk, the optimal stimulus of higher rate is found less frequently, 
that of lower rate persisting practically unchanged; and that after very 


strong doses of curare the optimal stimulus of higher rate almost entirely | 


_ disappears, that of lower rate being found alone, and, as appears from the 
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OPTIMAL ELEOTRIO STIMULI. 389 


more trustworthy experiments made by method. B, practically 
unchanged value. . 

At present there are not grounds enough for deciding oe are the 
excitable: structures or substances which are excited by each of the 
optimal stimuli. So that the question which led to the commencement 


TOAD. METHOD B. 


A 


868700 100 1000 10000 
Fig. 6. 


of this enquiry cannot yét be answered. I prefer to put off all discussion 


of the results so far obtained, until the optimal electric stimuli of the 
nerve alone and of nerve-free muscle shall have been determined. 
Experiments are now being made upon these points. 


SUMMARY. 


This is a preliminary account of the optimal electric stimuli of the 
muscles of frogs and toads. The expression optimal electric stimulus is 
used in the sense in which Waller speaks of the ‘ characteristic ’ of nerve, 
meaning the rate of condenser discharge which produces an excitation 
with the expenditure of least energy. 

The optimal electric stimulus is found by choosing arbitrarily a series 


_of potentials to which the condensers are to be charged, and seeking for 


each potential the minimum capacity which will cause an excitation. 
The rate of discharge of the effective combination of minimum b canny is 
then calculated. 

By this method the sartorius muscles of both ua aid te toad are found 
to have each two distinct optimal stimuli. 
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390 LUCAS. 


' It is found that after moderate doses of curare, sufficient to abolish S 
the possibility of excitation through the nerve trunk, the muscles still — | 
stiow the two optimal stimuli, That of higher rate, however, is found 
less frequently than before, while that of lower rate is unchanged. 
7 After very strong doses of curare the optimal stimulus of higher rate 

is practically abolished, while that of lower rate persists as before. 


REFERENCES. 
(1) ~ Waller, Proc, Roy, Soc. ixv. p. 207. 1899. 
Sat (2) Waller, loc. cit. p, 215. 
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(4) Waller, loc. cit. p. 211. 
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THE INFLUENCE OF THE COMITES ON THE 


PULSE TRACING, WITH SPECIAL REFERENCE 
TO VALSALVA’S EXPERIMENT, AND DICROTISM; 


: A NOTE ON ANACROTISM. By THOMAS LEWIS, 


DSc. MB, BS, (Twenty-eight figures in the Text.) 


THE literature dealing with the effects of respiratory movements on the 
circulation is very extensive. As an outcome of the researches of 
Einbrodt®, Funke and Latschenberger™, Kowalewsky™ and 
numerous other observers on animals, and the experiments of Marey™, 
Riegel™, v. Basch®, Wertheimer and Meyer™ and others on man, 
certain conclusions have been reached. The work was summed up by 
Tigerstedt™ in his text book of 1893. The prevailing opinion at the — 
present time is that inspiration causes, after a preliminary fall, a rise of 
blood-pressure; and that conversely with expiration there is first a 
slight rise of pressure, but that the main effect is a fall. There have 
been difficulties in harmonising some of the observations obtained from 
man and animals, and this has been particularly the case in the study 
of the effects of increased*and decreased intrathoracic pressure ; thus 
while increased intrathoracic pressure is generally recognised as giving 
@ fall of blood-pressure in animals >“ 0% ©, vet it is a well known 
phenomenon that there is a rise in the curve of the sphygmograph 
tracing, taken during Valsalva’s experiment". Moreover it is stated 
by many writers that this rise is accompanied by signs of diminished 
arterial tension", for it is accompanied by diminished excursion of the 
pulse beat, and increased dicrotism. In the tracings given by some 
authors", there is also an increased frequency of heart beat. In 1880 
the position was reviewed by Rollett™ and its difficulties were shown. 
In 1890 Roy and Adami™ discussed the causation of the rise and 
attributed it to rise of arterial pressure. They came to the conclusion 
(cp. ™ also), that “the depth of the dicrotic notch is increased by any 
cause which diminishes thé volume of blood thrown out by the ventricle 
at each contraction; and also by any. cause which, ceteris paribus, . 
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392 LEWIS. 


raises the pressure within the systemic arteries.” Since this publication, 
Hill, Barnard and Sequeira™ have reinvestigated the question and 
conclude -that “a rise of intrathoracic pressure raises venous pressure 
and lowers arterial tension. The combined effect of these variations 
leads to the elevation of the line of the sphygmograph curve.” Briefly, 
they attribute the rise to a swelling of the vens comites accompanying 
the radial artery; their experiments were conducted on man and 
animals with the same instrument, whereby one group of fallacies was 
eliminated, and the evidence which they adduce appears at first sight 
conclusive. The experiments upon which this communication is based 
have been carried out entirely on man; the instrument used for 
recording the pulsations of the radial artery has been that used: by the 
last-mentioned observers, namely Dudgeon’s Sphygmograph. For the 
most part the experiments have been conducted on four individuals, in 
age. from 19:.to 28 years. In none of these four subjects was there 
reason to' suspect any abnormality of the’ cardio-vascular. system ; the 
_ systolic blood-pressure ranged on the average from 120 to 135 mm. Hg. 
The pulse tracings which they gave are typical of normal curves, 
The other instruments which have been employed are Mackenzie’s 
polygraph °, Ludwig’s kymograph?, and Dr C.J; Martin’s modification 
of Riva-Rooei sphygmomanometer*. In taking plethysmographic 
records it has been found convenient to use the armlet of the Riva- 
Rocci filled with water and connected hy a water system in rigid tubing, 
to a Schiifers piston recorder. | 
Early in the course of the investigation it became apparent that the 
method of fixing the Dudgeon’s Sphygmograph is open to a serious 
objection. The instrument requires no detailed description here, but it 
is necessary to state that it is fixed to the limb under observation by a | 
band encircling that member, and that the record is taken from a small 
steel pad, riding between two lateral standards. For experiments on 
ven) comites this arrangement is an impossible one, for the fixing 
band superimposes on the pulse curve, which in the main is an index 
of pressures, a plethysmographic effect. A rise in the curve accom- 
panies the. slightest added tension to the band; a: rise consequently 
results from any incréased' volume of the ase whether it has its “— 


University, College, Cardiff, and my best thanks are due to Prof. Haycraft for the use 
lis The tracings shown in this paper are all considerably 
reduced in:size. 
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PULSE TRACING. 993: 


“in venous or arterial plethora. In the following experiments the band 
fixation has been replaced by a rigid extension, fixed above to the 
upright rod carrying the lever mechanism, and falling below on either 
side of the wrist to a small hook, to which any desired weight may be 
attached, A small bucket containing shot has been found convenient. 
The apparatus as first used is shown in Fig. 1, but latterly it has been 
found more convenient to suspend the — from a single curved bar 
counterweighted. | 


Fig. 1. 


In the first instance a comparison was instituted between the 
Dudgeon’s Sphygmograph, with the old and new method of fixation. — 
Adjustment is as simple in the one case as in the other, but there is 
greater precision with the new method. Briefly it may be stated, as a result 
of a considerable experience of both instruments, that the new method 
of fixation has great advantages, chief amongst which is the elimination 
of the effects of slight muscular movements. The general shape of a 
pulse beat curve is practically identical in most cases, when obtained by 
the two methods, but with the band fixation the amplitude is frequently 
greater. This difference in excursion is attributed to the added 
plethysmographic effect and in some pulses is marked. The old method 
of fixation frequently gives an indication of pulse beats when the 
— oe In testing the effect of venous congestion on 

26—2 
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the pulse a method is adopted which is believed to be a very exact one. 
The Riva-Rocci armlet is placed on the upper arm and the pressure 
raised to any desired height by pumping air into it. The pressure in 
the veins accumulates until it is of sufficient height to force the block, 
@ pressure which is equal, with. a small error, to the pressure in the 
_ armilet, In no case is the venous pressure allowed to rise to diastolic 
pressure ; consequently the tracing is little affected by direct pressure 
on the brachial artery. The diastolic pressures are estimated oy a 
method similar to that of Erlanger®. 


Exp. 1. Four tracings (Fig. 2, typical examples of 40 tracings) are 
given from a simple experiment, and show the effect of a release of 
venous congestion, from 60 mm. of Hg, on the radial tracing, with the 
old.and new methods of fixation. The arm was slung (as in all these 
experiments) from inextensible tapes. In tracings A and B, the pad 
of the sphygmograph was resting over the centre of the radial artery, 


Fig, 2. 

and the tracings were maximal. In tracings C and D control experi- 
ments were made from the front of the wrist’. While tracings A and 
B were taken, the extension was altered but the pad remained in 
place: so also in the case of tracings C and D, In each case the venous 
pressure was reduced by detaching the tube entering the armlet. On 


* At # point where no veins are apparent. 
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PULSE TRACING. 395 


comparing the tracings the effect of volume change in A and C is 


obvious. The effect of the congestion with the new fixation is seen to 
be only slight, the beats fall slightly, while the control, (D), is a straight 
line. The time tracing in D applies to the whole experiment, The 
result of this and similar experiments has justified the discarding of the 
band fixation and in the tracings which follow the weight extension has 
been used. 
A priori, there are certain facts which weaken the evidence produced 
to support the theory of venous interference in Valsalva’s experiment’. 
The capacity of the veins of the body is well recognised. Plethora can 
be induced to such an extent by infusing ™, as to suggest the impossibility 
of much rise in venous pressure in an experiment, necessarily so short 
as Valsalva’s. The actual measurement of venous pressure is very 
difficult. The method adopted in Exp. 1 provides a means of measuring 
venous congestion in mm. Hg very approximately, (cp. Exp. 2), in any — 
individual, but the method takes time, and it is impossible by its use to 
measure venous pressure at any given instant, In Valsalva’s experi- 
ment a tendency to venous engorgement is sometimes visible, but it is 


_ the exception rather than the rule, and is never great. A photograph, 


Fig. 3 A, is given of an arm at the height of a Valsalva’s experiment 


Fig. 3. 


lasting 9 secs. An indication of the intrathoracic pressure was obtained — 
by allowing the subject of experiment to blow into a manometer, and in 
this: case was- equivalent to 70 mm. of No venous congestion is 
visible ; yet the control photograph, Fig. 3 B, taken from the same arm 
with the venous pressure raised to 40 mm. Hg, shows marked distension 
of the veins. By employing different venous engorgements it can be shown — 


1 Op. Francois Frank, Physiol. Expér. Marey. 1877, t. 57. 
‘ 2 Tam aware that the blowing pressure is not equivalent to intrathoracic pressure. 
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896 LEWIS, 


that when a deep inspiration is followed by forcible expiration with the 
glottis closed, the venous pressure accumulating in the arm is certainly. 
far less than 20 mm. Hg if the arm is horizontal, even with very forcible 
and prolonged expiration. In those instances where investigators have 
occluded all the veins of the limb and the pressure rises to static 
arterial pressure, the comparison drawn between the effect of the — 
venous pressure on the tracing in this and Valsalva’s experiment is 
not a fair one, Another point of considerable importance, which has so 
far only been touched upon, is the rate of rise of venouspressure. Ten 
seconds is a fairly wide limit for the duration of a chest compression, yet 
in this short time interval sufficient blood has to enter the veins from 
the capillaries to engorge them in their whole length, to a pressure 
necessary to affect the tracing. The next experiments have been 
devised to give some idea of the time taken for venous engorgement to 
occur in the limit. It must be remembered that as in these experiments 
the block is situated at the lower part of the upper arm and not at the 
outlet of the veins in the chest, the accumulation of pressure in the 
ven comites will be far greater in rate than in Valsalva’s experiment. 
Also it must follow that whatever be the pressure of the block, venous — 
engorgement will proceed at the same rate. Further it is of importance 
to note that in these experiments the whole venous circulation of the 
limb is obstructed at the same time and approximately to the same 
extent. In Hill.and Barnard’s experiments™ all the veins of the 
limb were first occluded by ligature, leaving only the venw comites. 
These were subsequently compressed. There is every reason to suppose 


a preliminary engorgement of the limb before the commencement of 
the experiment in this case. 


Fig. 4. 


_ Exp. 2. (a) The essential part of a tracing is shown in Fig. 4, one 
of 50 similar tracings. The arrow shows the point at which a 
block of 60 mm. Hg was thrown upon the veins of the upper arm. 
During the first 12 seconds the tracing is unaffected ; there is a gradual 
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and steady rise during the remaining 11 seconds shown (which was 
continued for another 20 seconds): The total duration of ee 
‘congestion ‘was consequently i in this case 48 secs. 

(6) The same effect is shown plethysmographically i in Fig. 5, one 
of 10 experiments at different pressures. Venous congestion was 
produced to 40 mm. Hg by the ‘same method as that used in 2 (a), 
and was recorded by the Riva-Rocci armlet used as a plethysmograph, a 
method which has been found to answer well in taking volume records 
from the human arm. The tracing shows a delay of 7} secs., and a rise 
occupying 21 seconds. The tracing is from another individual. In 
Exp. 2(a) and 2(5) the delay in the rise is attributed to the time interval 
taken for the venous pressure to rise in the veins, from the block down, 
to a height sufficient to overcome the original pressure exerted by the — 
recording instrument, sphygmograph pad or plethysmograph, on the 
_ tissues underlying the skin. Considering the sphygmograph pad, the 


Fig. 5. 


pressure which it exerts on the skin is counteraated by two pressures ; 
the resistance. of the tissues, in which the skin probably plays the chief 
part, and the pressure exerted by the blood in the artery upon the, pad. — 
The latter is equivalent to the pressure exerted by the pad on the — 
artery, and it is not until the pressure in the veins has risen to this 
point, that the height of the tracing will be influenced. For up to this 
pressure any veins pressed upon by the pad will be collapsed. .The 
pressures existing during the taking of a tracing are diagrammatically 
represented in Fig. 6. The experiment 2 (a) is of service as it enables the 
observer to estimate, within certain limits, the pressure exerted on the 
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radial artery by the sphygmograph pad in any given experiment. . This 
pressure will vary constantly with every application of the instrument. 


If reference be made to Fig 2B it will be apparent that the diastolic 


portion of the tracing is first affected, giving a greater amplitude of 


excursion, The application of this method will be discussed more fully 
in a future communication’; here it may simply be stated that it is 


Fig. 6. A represents the pressure of the pad on the skin. 3B, B represent the resultants 
of two pressures, D and E, where E represents the blood-pressure in the artery, and D 
the pressure of arterial wall and surrounding tissues on the blood column. Under 
ordinary circumstances they are equal, with indentation D is decreased, and B 
increased, C represents the resultant pressure, due to tissue resistance, pressing on 
the pad. At any instant when the levers are stationary A=B+C. When the venous 
pressure increases beyond the pressure B the tracing will be affected. 


possible to obtain tracings of this character in which diastole is alone 
affected, though the process is laborious. The method is based on the 
supposition that. the space enclosed by artery, pad and standards 
(Fig. 7) is a fairly uniform one, for the pad is very little broader than 
the artery. That the pressure is absolutely uniform is improbable ; and 
that the method should prove of clinical value is unlikely, but for 
careful experiment it should give far more accurate results than an 


estimation of pressures exerted by the pad on the skin. The subject is — 
_ mentioned here, for in comparative experiments on cats and dogs, where 


the vessels of a limb are laid bare, the artery comes into contact with a 
limited surface of the pad, the veins occupying the remaining space 
(Fig.' 8). Moreover there are no overlying tissues to distribute the 
pressure. Consequently any rise of venous pressure will increase the 
average pressure on the pad and raise the lever on the smoked paper. 
It is for this reason that the present experiments have been conducted 
on man only, as comnpucatite spied on man and animals must be 


a Practitioner, 1906. ’ 


aie. 
4 
; 
wa 
ws 
Mi 
Ped 
¥ 
c |B 
- 
‘ 
Aa 
d 
i 
a 
Ne 
4 
iw 
ite fs 
4 
4 
¥ 
2 
“4 q 


PULSE TRACING. 399 


misleading. The experiments of Hill; Barnard and Sequeira are 


Fic. 7. 


Fig. 7. Diagram of sphygmograph applied to radial artery. 


‘xp. 3. Fig. 9 (one of 86 other tracings) is a typical example of a 
pulse record during Valsalya’s experiment. The blowing pressure in 
this case was 60 mm. Hg Whe rise in the curve shows no delay and 

' reaches a maximum in abouts $4 secs’ Dicrotism is well marked at the 
5th sec. A control tracing was then taken (Fig. 4), without moving 
| the sphygmograph ; venous congestion was produced to 60 mm. Hg. 

The delay in the venous rise was, as has been seen, 12 seconds. In this 
experiment it is certain that venous congestion had nothing to do with 
i the initial rise, and moreover, what is of far more importance, it*had no 
: influence on those dicrotic beats which are raised. In this tracing there 


Fig. 9 


is a falling away of the curve before release of the chest pressure, and 
this is a fairly constant phenomenon; it is not so marked in tracings | 
taken with the band fixation (cp. "» ™). It is notable that the beats are 
well marked throughout ; the decrease in excursion is insufficient to 
indicate a decline in the force of the heart. beat,and those dicrotic beats 
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which occur above a mean line aré further apart than the normal béate ; 
(this is opposed to the statements of Marey™, though his tracings 
show an increased distance between the first few dicrotic beats). 


Exp. 4. In Fig. 10, one of 11 others, are given records of the result 
of blowing forces of 40, 60 and 80 mm. Hg respectively. There is no 
delay in the rise in any case’, The main rise takes place in equal time 
intervals, yet the amount of rise varies with the force of compression. 
Were the rises due to venous congestion, they should be of equal 
amounts in the same time intervals. Dicrotism occurs earlier in the 
tracing, the more forcible the compression. 
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Exp 5. ' In this experiment (Fig. 11, one of 20), the pad was resting 
lightly: on the. superficial veins of the forearm. Compression of the. 
chest, as a rule gives no rise in the line of tracing under these conditions. 
A slight rise has occasionally been seen in very prolonged compressions, 
and with the pad resting as lightly as possible. ~ 

Exp. 6. In many of the curves, small oscillations at about 10 per 
sec. are superimposed on the pulse curves, as shown in Fig. 12. They 
occur when the muscular effort is great, and are probably not conducted 
through the tissues of the arm, for controls from indifferent spots do not 
show them to nearly the same extent. There is reason to believe that 
they are transmitted from the chest as pressure oscillations in the 
arterial blood. They could not be transmitted by the veins. Usually 
they are better marked in compressions following deep expiration, when 
the respiratory muscles are working at a disadvantage (Fig. 13). _ 

Exp. 7. In Fig. 14, (A and B), two of 39 tracings, the first rise 
in Valsalva’s experiment is interrupted by occlusion of the brachial 
artery, when dicrotism appears, The line of tracing (Fig. 14 A) falls 
promptly and rises promptly on release. The result indicates that the 
lever is supported by arterial rather than venous pressure. When the 
occlusion of the artery takes place towards the end of the curve, when 
it is falling, the drop is not so marked, (Fig. 14 B). Some evidence has 

oO R 


Fig. 14. of 0. released at R. 

already been given to show that the last few beats of a sake 
compression may be supported by venous congestion. This will be 
particularly the case when pad pressure is light. There is sometimes 
slight lowering of the line when compression of the chest is released 
before the release of the artery (Fig. 16). There is however always the 
possibility that the brachial occlusion is not complete and there-is an 


indication of beats in the compression line in Fig. 16. A diminished 
fall during the chest compression is the rule in tracings from the dorsalis 


- pedis, with the foot somewhat dependent, and there is also some | 
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modification of the diastolic phases of the beats (Fig. 17). The 
disagreement of these tracings with that given by Hill, Barnard and 
Sequeira™ is probably due to the fact that in these experiments 


weight extension has been used to fix the instrument. 


| Figs. 15—17. 


Exp. Sis the converse of the last. The tracing, Fig. 15, one of 30, was 
interrupted by a brachial occlusion O, followed by chest compression C. 
If occlusion is complete, the tracing is uninfluenced by chest compres- 

sion until release of the brachial. On release of the brachial artery it 

is possible to catch dicrotic beats at a higher level than the original 
beats. 

_ Exp. 9. Finally conclusive evidence is given by Fig. 18, in which a 

tracing, one of 52, was taken from an arm in which venous congestion 


was first raised to 70 mm. Hg; the blowing pressure being 60 mm. Hg. 
There was thus no possibility of further venous interference, yet the 


Fig. 18. 


showing that the pressure on the abdominal sorta has only slight effect effect on the limb 
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tracing is typical throughout. The tracing shows a respiratory line 
taken with the polygraph. Again, in experiments of this kind, if very 
light pad pressure is used, the fall is interfered with by the original 
venous congestion, and the diastolic phases of the beats may be obscured, 

The evidence which has now been given is overwhelming against 
the theory that the rise in Valsalva’s experiment is due to venous 
congestion. It is true that under favourable conditions the last few 
dicrotic beats above the mean line may be influenced, but in the 
majority of experiments they are not. In any case a considerable 
amount of evidence has been given that the first few dicrotic beats 
occur at a heightened pressure. In inquiring into the actual cause of 
the rise, unconscious increase of the rigidity of the limb has to be 
considered. The regularity of the tracings in the same and different 
individuals excludes it. Moreover with the weight extension, muscular 
interference is minimised, and frequently increased rigidity yields a 
slight fall. An experiment has been devised which places the nature 
of the rise beyond the shadow of a doubt. The Riva-Rocci armlet is 
placed on the upper arm and the sphygmograph or finger on the radial 
pulse. The pressure in the armlet is raised above systolic blood- 
pressure and a chest compression is performed. The beats immediately 
pass the block and are recorded or felt at the wrist. The experiment 
(Figs. 19 A and 21 A, from over 50 similar experiments) is easy to 
demonstrate and there is no doubt whatever about the result and the 
conclusion to be drawn from it. Given that the initial rise is due to 
raised pressure, it still remains to show by a similar method that the 
dicrotic beats are at a higher pressure than normal, This is more 
difficult, for the systolic portions of the beats alone force the block 
and increased dicrotism is not shown. 

Exp. 10, Fig. 19 A and B show the records of the right and left 
pulses taken simultaneously. That from the right arm was taken 
through a block of 140 mm. Hg the systolic blood-pressure at the time 
being 135. That the artery was totally occluded at the start was shown 
from the fact that the lever wrote on a line far below the level of the 
normal pulse beats. It will be seen that 8 beats: have forced the block 
on the firsf’rise, The tracing then writes a straight line and is again 
interrupted by beats of the second rise. Beats 6, 7 and 8 show 
increased dicrotism at a higher pressure than normal. The onset of 
compression in Fig. 19 B was calculated not only from the time tracing 

: 1 The stops are not shown in the figure. is 
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similar to that shown in Fig. 20. In tracing A’the tippér line is a 
record of the movement of a Hg column into which the subject of | 
experiment blows. In tracing B, the upper line is taken from the 
movement of the abdominal wall, In all cases the beat taking place at 


Compression ; R, Release. 
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the beginning of the chest compression is the first to be affected ; and 
it is affected in: whatever phase it happens to be. A number of experi- 
ments have been made to estimate the possible rise of blood-pressure 
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‘which can take ‘place at: the same time as rise of intrathoracic pres- 
sure, Fig. 21 A shows a blood-pressure of 135 mm. Hg raised to over 
182' mm. Hg by a very forcible expiration with closed glottis, a rise of 
over 47 mm. Hg. Fig. 21 B is somewhere about the limit. The block 
is 55 mm. above systolic blood-pressure and the beats are just visible on 
the tracing, which rises somewhat. It is only the: first few beats which 
pass a block at high pressure, the dicrotic beats are excluded. The line 
following these beats fails to fall to its original level again. . This is due 
to the nature of the block, which — the blood wach has entered 
from again leaving the arm. 


Exp. 11. The volume of the limb has ‘been estimated with the 
plethysmograph in two individuals. Altogether 30 tracings have been 
taken, at five sittings. Before adjusting the plethysmograph, venous 
congestion was raised in the limb and maintained throughout each 
experiment, In the tracing given the plethysmograph style was 
writing 1 mm. to the left of the style writing from the column of Hg 


Fig, 22. 


and recording .the blowing pressure, (the upper line), (Fig. 22), The 
venous congestion in this instance was 80 mm. throughout in the arm 
investigated. The blowing pressure is about 76 mm. in each tracing. 
The record of volume shows a delay of 4—1 second, a period of vaso- 
dilatation and a period. of vaso-constriction, following it., The. more 
forcible the compression the smaller is the interval of delay in the rise 
of the volume curve, Also the more forcible it’is, the leas is the volume 


The armlat was at pressure of 169mm. Hg. 
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plateau prolonged beyond the Hg plateau, though in all cases it extends 
beyond it. The tracings given are typical of the remainder in every 
respect: but one ; the curve indicative of vaso-constriction is — 
more prolonged than is here shown. 

That. the relations might. be with ease, six 
Valealva experiments have been performed on the same individual, the 
chest compression varying from 58—84 mm. Hg; the Hg curve and 
volume curve. were recorded, and simultaneous tracings were taken’from 
the wrist. The six batches of 3 curves were then compounded to scale, 
and the result is shown in Fig. 23. The points where the curves cross 
= base lines are exact, other — are —— In the curve 


- giving the relationship of the curves of : 
2. Volume of the arm. 
3. Pressure in the radial artery as evidenced by the sphygmograph tracing. 
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taken from the sphygmograph tracings the line joining the bases of the 
pulse beats was used, as it was found more convenient. The: curve 
taken from the apices is practically identical with it. The diagram 
shows the relation of dicrotism to volume and pressure. The chief 
conclusions to be drawn are that dicrotism corresponds neither to. 
increased volume, nor: to decreased pressure. It corresponds to those 
periods when either volume is maximal, or pressure ig minimal. The 
rise in pressure occurs earlier and more rapidly than the increased 
volume. The second rise of preenie corresponds to the period of vase 
constriction. 

The causation of the furst rise of pressure. With the, 
- pressure there is an increase in the volume of the limb, though changes ; 
in the latter are delayed throughout, and may therefore be secondary to 
pressure changes. An increase in the volume of the limbs accompanied by 
a general rise of blood-pressure is well known to accompany contraction 
of the splanchnic vessels, Reference need only be made to the work of 
Bayliss. His tracings of volume of the limb in relation to general 
blood-pressure, as a result of splanchnic stimulation, and the tracings. 
here given are in absolute agreement, They all show the primary delay 
in the increase of volume, and the more prolonged vaso-constriction 
following it. The conclusion is that the increased volume of the vessels 
depends on a greater influx of blood (cp. ™), that there is a passive 
distension of the vessels and that the rise of pressure is due to the 
greater output of blood from the heart consequent upon the rapid 
emptying of the overfilled lungs into its left side. As the rise in 
pressure occurs without delay and at any phase of the beat, it is 
practically certain that some of the blood is derived from the arch of the 
aorta and great vessels; theoretically there is every reason to believe 
that this may occur. In this way the immediate rise, and the main rise 
with the next beat is explainable. It is probable that the outlet for the 
blood is impeded, during the last stages of the first rise, by venous 
congestion, but it is not at all certain that this is not counterbalanced 
by the vaso-dilatation and increased pressure. In animals it has been 
shown, as mentioned above, that expiratory efforts are accompanied by 
a fall of pressure after a preliminary rise. This is precisely what occurs 
in Valsalva’s experiment, but the rise is prolonged and the fall is 
curtailed. The obvious explanation of this is the fact that active 
compression of the chest is impossible without abdominal rigidity. Such 
was the explanation of Marey™, Roy and Adami™ and others. 
Experiments on animals differ mainly in this respect, that with the 
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raised: intrathoracic pressure, there is an insufficient rise of abdominal 
pressure, and the arterial pressure falls. Passive compression of the 
human chest is said to produce a like result (see Hill, Barnard and 
Sequeira, loc. cit.). The experiments of Zuntz™ on the breathing of 
compressed air are in accord with this view. ‘The fall of arterial pressure 
is generally held to be the result of venous obstruction. I know of no 
direct evidence to show that a raised intrathoracic pressure interferes 
with the working capacity of the heart. The nearest approach to such 
evidence is to be found in the experiments of Cohnheim™ and the 
observations of Bolton”. The first of these observers impeded the 
action of the heart by distending the pericardium to a pressure of 
230—240 mm, of oil', the latter by contracting the pericardium. The 
fall of arterial pressure in these cases may be due to interference with 
the veins, and to nervous influences. It is true that a raised intra- 
thoracic pressure will impede the heart in diastole, but it is equally 


true that it will aid it in systole. In Valsalva’s experiment the | 


entry of blood by the inferior vena cava is not interfered with, for it 
enters under a pressure equal to if not greater than the pressure in 
the chest. The heart is consequently well fed so long as the splanchnic 
reservoir lasts, A tracing (Fig. 13) has already been given, which 


Fig. 24, Retraction of abdomen at ist, release at 2nd, 


Fig. 25. 
? Op. Frangois Franck, loc. cit, T. iii. p. 107. 
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shows the effect of chest compression with the lungs depleted. It is 
" evidence to show that the preliminary part of the raised curve depends 
mainly on pulmonary blood. Passive or active compression of the 
abdomen, with quiet breathing gives as is well known a heightened 
arterial pressure. (For a full account of this subject, see Mu mmery%. ) 
An example of the effect of abdominal retraction on the pulse is 
given in Fig. 24. The effect on the volume of the limb corresponds 
(Fig. 25), 


_ Exp. 12. Fig. 26 is an example of a pulse record during Valsalva’s 
experiment with a load of 12 stone on the abdomen. The rise in the 
curve is not so great as might be expected, though the chest compression 
was to 105 mm. Hg. The fall on release is almost abolished and only 
two dicrotic beats! appear. In a control there was the usual rise and 
fall and seven dicrotic beats, The inference is that the supply of blood 
from the abdomen was small, but at high pressure, and that on release 
_ of the chest pressure the lungs and not the splanchnic area refilled. The 
opinion has been stated’, that increased intrathoracic pressure has little 
direct effect on the heart muscle. Such increased pressure must be of 
common occurrence in men engaged in heavy work, in divers, and in 
crowded streets, Yet syncope under such conditions is a very rare 
event. The compensating factor, and the protection of the individual, 
. appears to lie in the simultaneous increase of pressure on the splanchnic 
blood. It is easy to understand that early fatigue of the abdominal 


Fig. 26. 

muscles, such as might be expected in thoracic breathers, would lead in 
an individual, compressed in a crowd, to an early development of 
syncope. The danger of conmpromsing the chest of an anssthetised 
patient is well reco 

The first fall. The curve usually falls a great deal before release. 
If it falls below the normal line, the beats increase in rapidity. Aboli- 
tion of the beats has not been met with; the nearest approach to it is 
shown in Fig. 27; the chest pressure was at 105 mm. Hg. There isa 


1 The beate are not purely dicrotic. 
2 Though it is stated with reserve. — 
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greater tendency to smaller beats when the band fixation is used, also 


there is the same tendency if from any cause there is venous interference — 


(i.e. with light pad pressures, with prolonged compression, and pre- 
liminary venous engorgement; cp. Figs. 17 and 18). The tracing is the 
only one which, during the course of these experiments, showed 
dicrotism throughout; it is one of the earlier tracings and was probably 
taken shortly after a trial compression, and before the effects ofthe first 
compression were lost. The main fall always occurs on release and is 
presumably due to refilling of the emptied reservoirs during this Period 
(cp. authors already referred to). 

The second rise. The second rise, which is a ‘oir phenomenon, 
is well seen in. Figs. 9 and 19, and is due to vaso-constriction (see Fig. 28) 
following the passive vaso-dilatation (cp.™). The occurrence of this 
constriction is in accord with the results of Bayliss®. The rise of 
pressure (see Fig. 19) has been calculated (by Exp. 10) at 15—25 
mm. Hg, It is not so high as the. preliminary rise, though it shows 
some relation to the force and length of the chest compression, The 
rise is accompanied by large slow beats, and the subject is aware of a 
certain amount of palpitation. Bayliss has suggested that the vaso- 
constriction following passive distension is myogenic in origin. It is 
possible that these irregular ventricular beats are also myogenic’. | 

A fuller discussion of dicrotism is reserved for a future occasion ; 


in the meanwhile stress is laid upon the fact that it may occur at 


heightened blood-pressures, and that there is no doubt that those 


_ observers who attributed the rise of Valsalva’s experiment to heightened © 


_ pressure, were correct in their conclusion, though they seem to have 


had insufficient evidence for it. The presence of dicrotism in Valsalva’s 


Fig. 27. 
experiment, in association with either reduced pressure or increased 


vélume, suggests a definite relationship between volume and pressure as | 


its chief causal factor. This hypothesis would require that any given 
pressure should have associated’ with it volumes ‘having a definite 


a Senne seeenh tracings from the jugular veins by Mackenzie’s method showed a regular 
auricular beat, preceding each ventricular contraction. 
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-tinimal limit, for the: production of marked dicrotism. There is little 
evidence in support of the supposition and there is a certain amount of 
evidence against it. For instance the disappearance of dicrotism at the 
height of amyl nitrite inhalation effect™. There is. more reason to 
. suppose that the chief causal factor is that upheld by Galabin®™ (cp.™ 
also), Roy and and namely, a short, sharp ventricular 
contraction. | ; 


Note on the production 

In some experiments, connected with this research, it has been found 
that if peripheral resistance be raised by covering the hand with the 
armlet of the Riva-Rocci, and raising the armlet to a pressure at or 
about~ diastolic pressure, the radial pulse of the normal individual 
becomes markedly anacrotic. The observation is of interest in that 
it shows that anacrotism may be produced locally and peripherally. 
__~ Instances of an anacrotic beat produced distal to an obstruction are 
given by Sansom™, Investigations are now proceeding in this direction’. 
A tracing (Fig. 28) is given illustrating its production in the way 


Fig. 28. 


described. The pressures in the armlet are marked on the tracing 
above each section. The diastolic aequenell in this individual was 
70 mm. Hg. 


CONCLUSIONS. 


‘1. The band in fixing the Dudgeon’s is a 
defect in the instrument, when ‘curves indicating pressure are desired. 
The instrument ‘fitted with weight extension gives a delicate index of 
pressures. 

2. Venous pressure can be approximately measured in the limbs 
by the combined. use of an ordinary and a 
Riva-Rocei 


Lewis, 
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' 3. - Venous congestion plays no part in the initial rise of a sphygmo- 
graph curve in Valsalva’s experiment, if weight extension is used for 
fixing the instrument. The rise is due to an increased blood-pressure 
which is capable of easy and certain demonstration. There is simul- 
taneously an increase in the volume of the arterial system of the limbs’. 
‘The blood is derived mainly from the lungs, partly from the great 
arteries, and is sustained by increased abdominal pressure. Raised 
intrathoracic pressure, unless extremely severe, interferes little with 
the working capacity of the heart. 


4. The pressure exerted by the sphygmograph pad, or plethysmo- 
graph, can be approximately estimated, by producing venous engorgement 
with a Riva-Rocci armlet. When the venous pressure reaches this 
"peer the curve of the tracing is influenced. 


5. Dicrotism may be produced in a normal pulse, with a simal- 
taneous rise of blood-pressure. There is no reason to believe that 
dicrotism is deereased by an increase of blood-pressure per se, or — 
vice versa it is increased by a lowering of pressure per se’. 


6. The sphygmomanometer armlet serves as a convenient and 
serviceable plethysmograph when filled with fluid. 


7. Anacrotism can be produced with ease and certainty in a normal 
pulse tracing by increasing peripheral resistance aus Si to a pressure at 
or about diastolic pressure. 
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THE FACTORS INFLUENCING THE PROMINENCE 
OF THE DICROTIC WAVE. By THOMAS LEWIS 
of University College, London: (Fifteen Figures:in the Text:) 


TxIs contribution is based on the results of a prolonged series of 
observations on the pulse, pbysielogical and pathological. The 
instruments employed have been Dudgeon’s Sphygmograph, Mackenzie's 
Polygraph and C.J. Martin’s modification of the Riva-Rocci Sphygmo- 
manometer.. The observations have been on man only. I take this 
opportunity of expressing my thanks to my colleagues in residence at 
University College Hospital, and to those members of the resident 
staff who since my term of office ended, have given me every facility. 
in the prosecution of such enquiries, as I have considered of interest 
and service. ~My thanks are also due to Mr H. L. Lewis, R.E., for the 
valuable assistance he has given me in these investigations. 

For the purposes of this communication it is unnecessary to enter upon 
a discussion of the complex subject of the origin of dicrotic wave ; the 
observations will be confined as far as possible to the factors productive 
of an increased wave. The arguments involved and the conclusions 


derived from them are compatible with the now generally accepted 


hypothesis, that the dicrotic wave is of central origin, and takes place 
as the result of a reflection of a pressure wave from the aortic valves 
and neighbouring walls of the larger vessels. Before entering upon a 
discussion it will be advisable to record the observations made upon 
dicrotism during the course of these investigations. 

In an earlier communication, the work of Roy and Adami was 
referred to, and the conclusions which they drew from Valsalva’s 
experiment were defended. In the communication referred to it was 
proved that a pulse may become more dicrotic in spite of a considerable 
rise of blood-pressure. Moreover the dicrotism produced during a 
period of the experiment when intrathoracic pressure is still high, is as 
a general rule of greater degree than that which occurs on the release 
of pressure. <A similar increase of dicrotism is often observable at the 
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termination of a deep inspiration’, when the: output of the heart is 
presumably increased, and the mean pressure raised (Fig. 1). 


Fig. 1. 

‘There are a good many clinical observations which have a close 
bearing on the subject of the relation of pressure to dicrotism. 
Galabin described a hard pulse in sthenic fever, markedly dicrotic and 
bearing high pad pressure. Roy and Adami noted increased dicrotism 
in an individual in whom there was no reason to suspect lowered 
pressure. Equally significant cases are to be found in thé writings of 
Mahomed. The methods adopted by these observers, in arriving at an 
estimate of blood-pressure, are now recognised as inaccurate. Conse- 
quently it has been thought desirable to study the relation more carefully, 
and with the accurate modern instruments. It has been found that 
pulses dicrotic throughout may occur with systolic pressures varying 
from 80—125 mm, Hg., and that dicrotic pulses of this character are 
met with commonly at all intermediate pressures. The pulses here 
referred to are those which give a graphic record, exhibiting primary 
and dicrotic waves only, Examples of such pulses are given in Figs. 2, 
3 and 4. Fig. 2 is from a boy aged 11, suffering from mitral stenosis, 
with poor compensation, pulse rate 240 per minute, systolic blood- 
pressure 80 mm. Hg. Fig. 3 is from a boy aged 16, suffering from 
double mitral disease, with fair compensation, systolic blood-pressure 
90 mm. Hy. Fig. 4 is from a lad aged 17, admitted for acute pleurisy, 
systolic blood-pressure 120 mm. Hg. Fig. 5 is of special interest ; these 
two tracings were taken from thé same patient as that shown in Fig. 4, 
the left-hand tracing 10 days after the aspiration of the fluid from the 
chest, when the systolic es aha was 97 mm. Hg. In this tracing 


have given very variable results. Inspiration has sometimes given a mean rise, and some- 
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dicrotism appears decreased in spite of a considerable fall of pressure, 
_and @ predicrotic wave has appeared. The right-hand tracing, taken 18 
_ days later, during recovery, corresponded to a pressure of 108 mm. Hg. | 
The tracing is practically a normal one. Fig. 6 is from a man admitted 

to hospital with acute Bright's disease complicating interstitial 
nephritis, blood-pressure 160 mm. Hg. He was bled for threatening 
uremia and the first two tracings were taken directly before and after 
a venesection of 20 oz. The first tracing, blood-pressure 160 mm., shows 
two dicrotic beats, one displaced downwards and presumably at a slightly 


lower mean pressure. During the venesection numerous tracings were 
taken, but the first to show pure’ dicrotism was not obtained until the 
pressure fell to 125 mm. The tracing is the second in Fig. 6. The 
third tracing in this figure shows the pulse three days later, when all 
the waves were well marked, the blood-pressure being 150mm, A 
double wave was palpable, though it was not. possible to identify the 
second with the predicrotic or dicrotic. Fig. 7 shows tracings from a 
somewhat similar case. The man, suffering from chronic interstitial 
nephritis, was bled to the extent of 20 oz. for uremic fits; before the 


1 By a purely dicrotic pulse is signified one which shows two waves only. 
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venesection' the pulse exhibited the characters shown in the first 
tracing (blood-pressure 170 mm.). The pulse first became nies dicrotic 
when the pressure reached 110 mm. 

‘The two series of tracings are of special interest, for first they 
contain all the transitions from the types of curve usually recognised as 
representing high and low blood-pressures'. Such transitions from high 
to low pressure curves are figured by Marey, Kries, Tigerstedt, 
Galabin, Roy and Adami, and others’ Secondly they show the 
possibility of the appearance of pure dicrotic beats at pressures as high 
as 160—170 mm. Hg., and conclusively demonstrate the dependence of 
dicrotism in these- instances on short, sharp heart systole, for all. other 
factors are constant. Thirdly they demonstrate the possibility of the 
occurrence of marked dicrotism, even at high pressures, in arteries 
markedly sclerosed. In the patient, whose tracings are shown in Fig. 6, 
the vessels were universally tortuous. The postmortem upon the 
patient, whose tracings are given in Fig. 7, proved the arteries to be 
markedly sclerosed, with calcareous and atheromatous degeneration, a 
condition extending into the left radial artery, from which the tracings 
were taken. These examples disprove the statement of Marey and 
other writers, that dicrotism does not occur where the vessels are 
considerably diseased. Similar tracings, showing transition and dicrotic 
curves on the same line are often met with in mitral disease, where there 
is irregularity in the force of the heart’s contraction, They have also 
been met with in a patient recovering from pneumonia, Fig. 8; the two 
tracings were taken within half-an-hour of each other. In this case 


Fig. 8. 


there was a remarkable periodicity: The pulse was dicrotic for 5 or 10 
minutes, at a pressure of 110—115 mm. Hg. ; it would then change to 
the mixed type, accompanied by a rise of pressure to 125—130 mm. Hg. 
The interchange from one type to the other was observed over a space 
of several hours. Fig. 9 shows the effect of amyl nitrite on a normal 
pulse. It is in agreement with the results of Marey, v. Kries, and — 

1 For a further account-see Lewis, Lancet, 1906. 
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‘others. Four portions of the complete tracing are shown. ‘The drug 
‘was producing its maximum effect, evidenced by the flushing and 
throbbing in the vessels, at the third section, where the tracing is lowest 
‘on' the paper. Dicrotism is abolished at this stage and the pulse is 
‘ménoérotic ; the first. beat shown in this section exhibits a predicrotic 
wave, which is totally absent from the fourth stage, when the pulse. is 
purely: dicrotic at a higher pressure. This tracing is of interest in that 
it shows the impossibility of accepting the view that increased dicrotism 
depends on lowered pressure; and taken with the observations made 
upon Figs. 4and 5, is of interest in showing that the predicrotic like- 
-wise is not necessarily abolished by lowered pressure. So far examples 


Fig. 9. 


of pulses have. been given to which the term dicrotic would be ‘doblind 
by all clinicians, pulses dicrotic to the finger and presenting. one 
secondary wave only. It is difficult to fix a standard of dicrotism, there 
are so many varieties of it, and the definitions of different writers do not 
agree. Some authorities restrict the term dicrotic to pulses which can 
be recogniséd as‘such by palpation. Others hesitate to apply the term 
to such pulses as exhibit a predicrotic wave. In the numerous and 
prolonged discussions which have taken place on this subject, much 
confusion has arisen on this account. 

The majority of observers appear to have judged the dicrotic pulses 
observed. from the several clinical standpoints, but have based their 
hypotheses of the origin, and factors influencing, the dicrotic on a 
physical definition’. There immediately arise several important com- 
plications ; a pulse may give a typical dicrotic tracing, but the second 
wave may be so‘low that the finger does not appreciate it; further a 
pulse which is palpably dicrotic may show the presence of three waves 
in a tracing.. In Fig. 10 (a—e), pulse tracings are given from a patient 
suffering from. subacute Bright's disease. The case is of considerable 
importance, for with a systolic pressure of 180mm. Hg,, the 
pulse was palpably dicrotic. Tracings from this pulse were taken 


1 Cp. Sanderson, Galabin, Roy and Adami, and others. 
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at four spring pressures; the pressures given with the tracings were 
calculated by a method described in previous communications, and are 
approximately the pressures exerted on the vessel at systole, in mm.Hg. 
A fifth tracing, ¢, is given showing the effect of obliteration of the radial 
artery directly below the sphygmograph, to exclude reflected waves from 
the peripheral radial field. The palpability of the dicrotic and the 
height of the blood-pressure, were checked by a competent; observer. 
Now this pulse, though palpably dicrotic, demonstrates also a predicrotic 
wave, and therefore would be excluded from the dicrotic class by certain 
clinicians. At the same time in considering the factors influencing the 
prominence of the dicrotic wave in this and other pulses, its value must 
be expressed from the physical standpoint or fallacy is unavoidable. 
The only satisfactory definition of dicrotism from this point of 
view is based on the relation of the pressures represented im the 
dicrotic, to those of the primary wave. It will simplify matters 


Fig. 10 (a—e). 
if the relation is considered only so far as the highest abscisse are 
concerned, though it must be remembered that a pressure wave in 
travelling may gain or lose in height at the expense or gain of breadth 
(cp. Galabin). A dicrotic pulse may then be defined as one in which 
the pressures represented by the dicrotic curve bear a certain minimal 
relationship to the pressures represented by the primary wave. Un- 
fortunately the dicrotism of the clinician and that of the physicist, 
as thus defined, do not run hand in hand, neither are they necessarily 
increased by the same factors. In dealing with this subject there are 
several considerations of the utmost importance, which have not 


£ obtained the attention they deserve. In the first place the dicrotic 
: wave is superimposed on a fundamental wave, which varies in character 
; in different instances, In Fig. 11, the dicrotic wave A, has been super- 


imposed by accurate measurement (ab, a’ b’, a”b", are equal throughout 
the three diagrams), upon three fundamental curves B,C, and D of 
equal height’. From the physical standpoint dicrotism is equal in the 

_ 2.A negative wave preceding the positive. wave A has been omitted for the sake of 
greater clearness. Its presence would not affect the questions here considered, ; sl) iii 
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three curves so formed, yet from the clinician’s standpoint, the middle 
curve alone shows increased dicrotism, while in the curve D it would be 
considered decreased. Greater prominence is given to the dicrotic wave 
according as it approaches the bottom of the outflow curve, and accord- 
ing as its base line tends to the horizontal. In the curve C, the dicrotic 
rise is one-third the height of the primary upstroke ; in curve B, there 
is no rise ; in curve D there is an actual fall. The last curve also suggests 
a probable source of fallacy in measurements of systolic and diastolic 
phases of arterial pulse curves; for the dicrotic, or “aortic,” notch 
appears to oocur at the point a whereas in reality it occurs at an 
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Fig. 11. 


earlier time interval. There is a second consideration equally important, 
but which applies more to the method of recording by air transmission. 
Marey, Roy, Roy and Adami and others have given figures to show 
that arteries do not obey Hooke’s Law. Recently this has been denied 
by Haycraft. Nicholls concluded that Hooke’s Law is obeyed within 
a certain limit, but that the limit is exceeded when the tension in the 
vessel wall overreaches the normal. The difference of opinion appears 
to depend mainly on the — value of the stretching onsen 
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employed. Accepting the position 4s laid down by Nicholls, that there | 
is a tendency for the arterial wall to respond by stretching in decreasing e 
amounts as the higher pressures are employed, it is obvious that the 

: expansion of an artery to various pressures may influence the form 
of the tracing of high tension pulses’. For purposes of illustration 
several curves have been drawn upon a series of lines based on - 
figure given by Roy and Adami (Fig. 12). | 


A’ 


_ The pulse beats A, A’ are of equal proportions, the pressures of the 
latter are twice those of the former. The upper curve is flattened and 
dicrotism is decreased in prominence. The “ aortic” angle is widened. 

But as a general rule with higher pressures the fundamental wave is 
less vertical in its descent. C shows the same beat as (in Fig. 11; B 
the same beat as B, Fig. 11. The two curves have been superimposed 
on the pressure lines. In C the relative amplitude of the dicrotic has 
been increased by this procedure; in B it has been decreased, and the 
upstrokes of the waves are rendered more oblique. The aortic notch is 
conspicuously flattened, and the dicrotic wave should therefore be less 
palpable. Finally if the curves A and C (Fig. 12) are compared it will 
be seen that from the physical standpoint dicrotism is more marked i in 
A than in C, (the primary wave is relatively higher in C). 

From the arguments which have been employed, the difficulties of 
gauging the amount of dicrotism will now be apparent, when it is 


1 Dudgeon’s Sphygmograph is to some extent defective in that it tends to magnify 
diastolic phases of the curves; cp. inverted curves. In a previous communication the 
curtailing of diastolic phases in normal and low pressure tracings was fully entered into 
(Practitioner). | 
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desired to draw conclusions as to the factors influencing the extent of 
dicrotism, from the evidence lent by sphygmopraph curves. Such 
conclusions are in the highest degree fallacious, though they have been 
drawn by some of the most prominent writers on the subject of pulse. 
So long as the clinician is influenced in determining the state of a 
patient’s circulation by his, the clinician's, dicrotism, he is on fairly safe 
ground, if his inferences are drawn from experience of other cases. The 
observations made in the first part of this paper are intended to show that 


_ the inferences which are generally drawn from the clinician’s dicrotism 


are not invariably correct, and that its relation to blood-pressure must be 
reconsidered. The case, illustrated in Fig. 10, is perhaps exceptional, 
but it is none the less important. The factors influencing the height 
and position of the dicrotic wave have been fully discussed by numerous 
observers, and the position of the clinician is at present as follows :— 
Dicrotism is considered to be increased by a short sharp ventricular 
systole, by a small output of blood from the heart, and by diminished 
arterial tension, both as regards the blood and vessel wall’. So far as 
the characters of the ventricular contraction are concerned, almost all 
writers are agreed, (cp. Marey, Sanderson, Galabin, Mahomed etc.). 
Roy and Adami are the only prominent writers who on theoretical 
grounds hold an opposite view of the relation of arterial tension to 
dicrotism. In this respect the observations of this communication and 
those of a previous contribution fully endorse the view of the last 
named writers, namely that increased pressure is not necessarily 
associated with decreased dicrotism. We have seen however that the 
factors detailed above are the factors which will produce, par excellence, 
the appearance of increased dicrotism in a pulse tracing. The main 
causative element is the rate at which the outflow curve falls, and this 
depends on the volume and rapidity of output of the ventricular 
contents and upon the peripheral obstruction. It has been shown that 
conclusions drawn from actual pulse tracings are open to fallacy; it 
consequently becomes necessary to make an appeal to the results of 
experiment on artificial schemata. The only advantage accruing from 
_ this study, lies in the simplicity of the apparatus and the possibility 
of dealing with single and uncomplicated factors. Prominent amongst 
investigations in this direction, is the work of Marey, Galabin and 


_| } Considering the elastic elements of the vessel wall, the blood-pressure, and arterial 
wall tension will ran hand in hand. The two factors may be considered together, for the 
least part. 
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Mahomed. But it would appear that these writers have failed to 
recognise what at first sight appears somewhat paradoxical, namely that 
within certain limits the more nearly does the apparatus approach the 
actual conditions of the circulation, the less positive can be the 
conclusions drawn from it. In the case of the investigations of the last 
two observers, no account is given of the method of recording the 
artificial pulse waves in their flexible tubes. Marey is himself indefinite 
on the subject, but apparently obtained his records through the rubber 
tubing. The tracings of Galabin show the dicrotic superimposed on a 
fundamental wave. The fallacies of these methods have been shown. 
Moreover in the observations of Mahomed? and Galabin, the primary 
wave was imitated by squeezing a rubber bag or dead heart in the hand, | 
and by forcing fluid out of it in this manner into the system of tubing. 
Under these conditions it is impossible, as it is in the human circulatory 
system, to make any estimate of the velocity of output at the end of 
systole, which is granted by almost all observers to be one of the chief 
elements in determining the amount of the dicrotic. If the pressure 
in the system is raised by obstructing the outlet, there is a natural 
tendency for the velocity of output at the end of systole to be decreased, 
as it is in the case of cardiac muscle; the muscular curve tends to 
become more isometric. Diminished dicrotism may be due under these 
circumstances, not to raised pressure, but to decreased velocity, the 
associated factor. Roy and Adami in their classical researches came to 
the following conclusions as a result of theoretical considerations and 
upon the evidence of Valsalva’s experiment: “The depth of the 
dicrotic notch? is increased by any cause which diminishes the volume of 
blood which is thrown out,...and also by any* cause which, ceteris 
paribus, raises the pressure within the systemic arteries” (Vol. XLIV. 
p- 423). Also, “that diminished resistance to the outflow of blood from 
the arteries, by allowing the outflow to finish at an earlier period in the 
systole, may lead to marked dicrotism, even though the volume of blood 
expelled from the heart at each contraction is greater than normal ‘” 
(Vol. xiIv. p. 425). In view of the conflicting statements and the 
possible fallacies of such experiments on schemata, a new series of obser- 
vations has been undertaken, upon a schema of a simple yet, it is 
believed, satisfactory nature. The schema is represented in Fig. 13. 


1 Mahomed was originally of the opinion that increased tension increases dicrotism. 

* Note that other writers refer to the height of the dicrotic wave. 

® Reason will be shown for doubting this statement. 

* Op. presence of predicrotic on pulses in which the dicrotic is exaggerated (Fig. 10). 
PH. XXXIV, 28 
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The fallacies which have been pointed out are obviated, and the 
dicrotic wave which is produced stands on a base line and is not super- 
imposed on a fundamental wave. 


Fig, 18. 


The schema consists, essentially, of two reservoirs filled with water 
and connected by syphon arrangement composed of rigid tubing’. The 
valves are represented by a glass stopcock, and the horizontal portion 
of the tube is connected to a manometer and to a recording apparatus. 
The recording apparatus consists of a small wooden block, in which 
a flaccid rubber or oiled silk tambour is buried and covered in above by 
the pad of the sphygmograph, which is fixed to the block. By this 
means tension in the tambour is avoided, and the pad may be con- 
sidered to be resting on the surface of the water under pressure. 
In making an observation the stopcock is opened and adjusted so as to 

: be open to the full. It is then rapidly shut by means of a mechanical 


1 It may be said that rigid tubing is fallacious in that the pressures do not travel as 
waves, but that the liquid is propelled as a whole. The difference in the production of the 
dicrotic is mainly a matter of degree, for with flexible tubing there is propulsion of the 
liquid nearest the valves and along the branches as the primary wave passes. The rigid 
tubing is essential in that the dicrotic is not superimposed on a fundamental wave. _ 
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arrangement, or as rapidly as possible with the hand. In this way 
constant secondary waves can be obtained. At C there is a gap, 


into which a given length (usually 3 inches to 1 ft.), of glass tubing, — | 


oiled silk tubing, rubber tubing, intestine or vessel may be introduced. 
In an experiment the pressures during the flow, and with the valves 
shut are estimated, (to the left of the valve in the Fig.). Also the 
velocity of outflow can be measured by collecting the water falling out 
of A, The pressure with the valve open may be compared to 
ventricular systolic pressure, assuming the latter to be uniform; 
the pressure with the valve shut may be compared to arterial diastolic 
pressure’. Systolic pressure can be raised by lifting the block B; the 
velocity of output is thereby increased. The diastolic pressure can 
be raised by lifting the block A; the velocity of output is thereby 
diminished. The mean pressure can be raised and the velocity kept 
constant by raising A and B toa similar extent. The systolic pressure 
is lowered and velocity of output decreased by opening the stopcock 
partially. The rate at which the velocity of output is checked can be 


Fig. 14. 


varied “a altering tlie rate at which the stopcock is turned. The 
results obtained with this schema are those which theoretically might 
be expected. Raising B, or lowering A, increases the height of the 
dicrotic as compared with the primary wave. Dicrotism is greatest 
when the stopcock is at first fully open. The conclusion is that 
dicrotism 1s imoreased by an increased velocity of output from whatever 
cause, If the blocks A and B are raised to an equal extent, dicrotism 
is increased in proportion to the rise of mean pressure. An example of 
this experiment is given in Fig. 14, taken with rigid tubing. The 
systolic pressures were 35 and 20 mm. Hg. respectively; the diastolic 
25 and 10 mm. Hg. respectively, The velocity of outflow in each case 


1 The chief difference between the schema and the circulatory system lies in the fact that 
the valves are closed in the former by diastolic pressure, and in the latter by the last 
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was measured at 14°7 c.c, per sec. The figure shows, first, two waves at 
the higher pressures, then two waves at the lower pressures. The first 
two dicrotic waves are approximately double the height of the last 
two. The primary waves are equal throughout. A rise of mean 
pressure may consequently be said to increase dicrotism. The dicrotic 
wave is increased if the stopcock is closed more rapidly. Dicrotism 
is therefore increased by an increase in the rate at which the outflow 
through the valves is diminished. The pressure bottles may be so 
arranged that with an increased pressure from both dicrotism is 
increased, in spite of a decrease in the velocity of output; this will be 
apparent from the instance which is figured’. One may conclude that 
the influence of pressure on dicrotism is a very important one*, As the 
systolic pressures in the largest arteries are proportional in the main to 
the systolic intraventricular pressures, the conclusions here stated may 
be applied to the circulatory system. Pressures are the ultimate factors 
involved in the production of dicrotism; the factor of velocity of output 
influences dicrotism by controlling the negative pressure (or retardation 
of the blood particles, as the case may be), developed at the end 
of systole. Consequently the hypothesis appears reasonable that in the 
circulatory system a rise of systolic and a fall of diastolic pressure, other 
JSactors remaining constant, leads to increased dicrotism. We have now 
to see how this hypothesis accords with other evidence. Galabin and 
Mahomed found that increased peripheral obstruction in their schemata 
diminished dicrotism. Reasons have been stated for believing that the 
velocity of output, and the rate at which it was checked were not 
constant. Were they constant their results might be explained by 
assuming a relatively greater rise of diastolic pressure. In Valsalva’s 
experiment the character of the curves indicates rapid output from the 
heart, and there is reason to believe that peripheral resistance is 
decreased. In the curves of the second rise, when vasoconstriction is 
present, output is slower from both heart and peripheral vessels, and 
dicrotism is decreased*. In the case figured (Fig. 10), though systolic 
pressure was high, velocity of output was rapid, evidenced by the nature 
of the primary wave, by the moist hot skin of the patient, and by 


2 All experiments so far cited have been performed with rigid and extensible tubing; 
when the was not saperimposed on fandamental wave, the resulia have been the 
same in all cases. 

* Dicrotism is entirely a matter of pressures, and its height is influenced only by 
pressures. Other factors influencing it effect it through the medium of pressures. 

* Probably both really and apparently, for the fundamental wave becomes prolonged. 
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brachial compressions'. Thus a high systolic pressure accompanied as it 

usually is by a gradual termination of systole, and by vasoconstriction, 
a is accompanied as a rule by decreased dicrotism both real and apparent’. 
, High systolic pressure accompanied as it may be by vaso-dilatation, 
| yields increased dicrotism, real and apparent. The occurrence of 
marked dicrotism in aortic regurgitation* may be explained by the 
disproportion between systolic and diastolic pressures, (cp. Janeway). 
McVail found it difficult to harmonise the fact that accentuation of the © 
2nd aortic sound is not invariably accompanied by increased dicrotism. 
The explanation is I believe to be found in the views set forth in 
the description of Figs. 11 and 12. 

Marey, Mahomed and Galabin found that dicrotism is increased 
by the use of less rigid tubing, and concluded that increased expansi- 
bility and decreased tension of the arterial wall favour dicrotism‘. That 
they produce an apparent increase is quite possible, but as Roy and 
Adami considered, the reverse is actually the case ; the more rigid the 
walls and valves the greater the dicrotism. Tension in the arterial wall 
will not be considered; it runs hand in hand with pressure; we are 
merely concerned with the extensibility and elasticity of the tube. 
Eventually the subject reduces itself to a question of expansibility, 
given that the tube is elastic. A rigid tube gives a dicrotic wave 


Fig. 15. 


higher than the primary wave, a fact well known to many engineers 
who have had experience of simple force pumps. The great local rise 
of pressure in the pipes of a water supply, upon rapidly shutting a tap 
is well recognised (see also Fig. 14). In experiments on the schema, 
the introduction of flexible tubing, whether elastic or not, produces a 
marked decrease of dicrotism. In Fig. 15 the result of introducing 4, 
1} and 3 inches of chicken gut into the gap C is shown. The tube asa 


' 1 Op. Hill, Barnard pe Sequeira, and Lewis, Practitioner. 
2 To what extent it is real and to what extent apparent it is impossible to say. 
: 8 The reflection being from the widening arterial walls, and therefore chiefly at the 
origin of the branches (cp. Lewis, Lancet). 
4 The same view is held by several leading physiologists to-day. 
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whole was maintained of constant length; the pressures employed and 
the velocity of outflow were also kept constant. The dicrotic is greatly 
decreased in height, and at the same time delayed and spread out over 
a leeger interval (cp. Keyt). The same results were obtained with thin 
rubber, artery, and oiled silk. Fig. 9 shows dicrotism abolished where 
the arterial walls are most flaccid’. 
The results obtained with the schema employed are possibly open to 
criticism. Bearing this in mind, the arrangement of the tubing and its 
_ several branches and outlets have been varied. Also flexible metal 
tubing has been exchanged for glass, and glass for rubber of various 
sizes and thicknesses, also the diameter of the outlet as compared to the 
inlet has been varied. In the main the results have been in accordance 
with those set forth in the above pages. 


Summary OF CHIEF CONCLUSIONS. 


1, A patient with a systolic blood-pressure of 180 mm. Hg., may 
have a pulse palpably dicrotic. The usual range of pressures where the 
pulse is purely dicrotic is from 80—125 mm. Hg. 

2. There is an important distinction between apparent (clinical) 
and real (physical) increased dicrotism. Many of the statements as to 
the factors influencing the extent of dicrotism are due to want of 
recognition of this fact. 

3. The chief factors involved in the production of apparent 
increased dicrotism are low blood-pressure and its usual accompani- 
ments, short sharp heart systole, flaccid arterial walls, and rapid output | 
of blood from the periphery. | 

4, The chief factors involved in the production of real increased 
dicrotism are those factors which usually accompany low blood-pressure, 
with the exception of flaccid arterial walls; ultimately all factors 
involved may be reduced to pressures, : 

5. A rise of systolic or a fall of diastolic pressure tends, with other 
factors constant, to increase dicrotism. An equal rise of both systolic 


and diastolic pressure, with other factors constant, tends to increase 
dicrotism. 


6. Rigidity of the arterial walls tends to increase dicrotim, other 
factors being equal. 


? Conclusions from such observations, have to be very carefully drawn, as the factors 
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ON THE PRESENCE OF ALCOHOL IN NORMAL BLOOD 

AND TISSUES AND ITS RELATION TO CALORI- 
FACTION. By W. HUTSON FORD, A.M., M.D. 


In May, 1858, I submitted a paper to the Elliott Society of Natural 
History of Charleston, South Carolina, entitled, “ Normal Presence of 
Alcohol in the Blood,” in which I maintained, that dextrose is normally 
destroyed in the circulation by the alcoholic fermentation, the resultant 
alcohol being oxidized in successive steps of transformation, and that 
this destruction of sugar is a main source of animal heat. 

These views were based upon a series of distillations of the blood 
and tissues of animals by which I had obtained small but determinable 
quantities of alcohol. My paper was published in 1859 in the Journal 
of the Society, but very sparingly distributed. In 1872 and 1878 
I published articles on the same subject in the New York Medical 
Journal and in 1887 a more detailed one in the Transactions of the 
International Medical Congress which met that year in Washington 
D.C. The present paper is for the most part a condensed abstract of 
my original one. 

After Liebig had declared that the hydrocarbonous elements of the 
food are the principal source of animal heat, and after Magendie had 
shown the presence of sugar in the blood (1846), and Claude Bernard 
had demonstrated that sugar is formed in the economy and is present 
in the blood of both herbivora and carnivora at all times, the destruction 
_ of this sugar was naturally regarded by theorists as the source of animal 
heat, for Bernard proved that what he termed “ hepatic” sugar, repre- 
sents not only the ingested carbohydrates, but a large proportion also 
of the proteids of the food. It was known at that time, moreover, that 
sugar must be resolved into carbon dioxide and water, that it could not 
be supposed to minister to any anabolic process, and that even if it did 
so, that its final products would still be inevitably the same. We now 
perceive these facts still more clearly, and also that by whatever process 


dextrose be “destroyed” in the organism, the amount of heat extricated 
must be the same. 
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and fresh condition, which were made between 1854 and 1858, Through- 
- out these experiments every possible precaution was taken to prevent 
contamination by alcohol. No alcoholic liquids were kept m the 


_ certain that the alcohol obtained was in no case and in no degree due 


This was then weighed, tested, and the quantity of alcohol it contained — 
determined. 


ance” of sugar in blood as set forth by Bernard on page 223 of his 
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But notwithstanding the apparent simplicity and cogency of these 
considerations, opposing views with regard to both the origin and 
destruction of sugar in the economy have been and still are widely 
entertained. -I find it to be a general sentiment among systematic 
physiological writers, that the “final fate of dextrose in the economy ” 
is still involved in obscurity, so that this question remains almost exactly 
as Bernard left it, who refused to accept any theory of a “direct” 
combustion of sugar in the system like those advanced by Mialhe and 
Reynoso, and attributed the “disappearance” of sugar in the blood 
to some mode of fermentation. Very strangely however, for so admir- 
able an experimentalist, Bernard did not pursue this phenomenon of 
the disappearance of sugar in blood set aside at ordinary temperatures 
any further, neglecting to make any distillatory tests at all, of such 
blood, and expressing himself as inclined towards the hypothesis that 
sugar may be converted into lactic acid; also declaring that he did not 
regard the destruction of dextrose as primarily related to the maintenance 
of animal temperature. 

As I could not accept these conclusions, on my return from Europe 
I engaged in a series of distillations of blood and tissues both in a stale 


laboratory ; only distilled water freshly evaporated to half its bulk was 
used for solutions and washings, and every vessel and tube was dried 
over a furnace, with insufflations of .air, just before use. It was thus 


to external contamination. 

The matters operated on were the blood, liver, lung and pancreas of 
oxen from the shambles and similar material obtained in the laboratory 
from smaller animals. Solid matters were first rapidly comminuted 
by scissors, knives, and meat grinders, and then heated to 212° F. as 
quickly as possible. The first distillate, whose quantity depended upon 
the nature of the substance distilled, was purified and concentrated by 
successive distillations in glass, often twelve or more, until a final 
distillate of from one to three grams was obtained, neutral and colourless. 


Blood was similarly treated but yielded a larger quantity of first 
distillate. In the experiments designed to test the mode of “ disappear- 
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Lecons (1854—1855), and as previously stated in his lectures, the 
blood was set aside for a period varying from 36 hours to several days, 
according to the air temperature, so as to permit the partial disappear- 
ance of sugar which occurs under such conditions which Bernard 
described as total. In those operations in which fresh tissues were 
tested for alcohol, they were brought to 212° F. as soon as possible: the 
time required for this being longer when the material had to be obtained 
from the shambles. 
After the presence of alcohol had been determined by the use of the 
salt bath and the steps of the distillation ascertained, in certain cases, 
where very large quantities of material were operated on, the retort was 
placed over the source of heat without the intervention of a bath, in 
order to hasten the first distillation, which even then required five or 
six hours. When this was done, some empyreumatic matters came over 
in the distillate, but as I soon found, they were removable by repeated 
‘treatments with hydrochloric acid, lead acetate and animal charcoal, 
with filtration and washing. Such a procedure in no case affected the 
determination of alcohol, for the first distillates even when containing 
most empyreuma cannot-be inflamed in a test tube, nor do they colour 
the chromic acid test green. It is only when all empyreuma has been 
removed and the liquid has become sufficiently concentrated by many 
succeksive distillations, that these tests for alcohol show its presence. 
But as other methods of expediting the first distillation are available, it 
is simpler and better in all cases to avoid the application of open heat 
of any kind to the retort. An improved apparatus I have devised for 
_ such distillations consists of a horizontal cylindrical vessel provided 
internally with a double set of knives fixed on an axle that protrudes 
through the walls of a salt bath or steam jacket. By means of a handle 
the axle can be frequently turned during a distillation and the material 
so cut up and stirred, whereby its dessication will be more evenly and - 
quickly effected. 

Whenever an accident occurred in these experiments, such as leakage 


of fluid or vapours, or when any froth passed over, or when the distil- _ 


lation was for any cause interrupted, the experiment was wholly 
. discontinued and erased from my journal. 

The tests for alcohol on which I relied were the development of an 
emerald green colour on the addition of Leconte’s chromic acid solution 
to the final distillate, and the direct inflammation of the vapour of alcohol 

‘in a test tube or small glass balloon when the final distillate was carefully 
made to boil. When these two tests are affirmatively applied to a clear 
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neutral watery fluid obtained by distillation from organic matters and 
of less specific gravity than water, the existence of alcohol in it is 
established beyond any manner of doubt. 

The oily play of the condensing alcoholic vapour just in advance of 
the watery particles, in the bends of the eduction tubes when the 
distillant begins to boil, is also significant. Aldehyde and acetic ether, 
as I have always found, are associated with the alcohol, but as they are 
more volatile, are first condensed in the bend of the tubes in advance of 
the alcohol, but do not evince the same characteristic oily play. The 
last step of the process was the addition of crystalline silver nitrate to 
the clear neutral distillate, and upon redistillation these volatile bodies 
were not seen again, alcohol alone coming over, when present. No effort 
was made to determine these bodies quantitatively, as alcohol was the 
main object of my search I thought it best to leave their determination 
for subsequent investigation, while recognizing the significance of their 
presence as known products of the slow oxidation of alcohol. 

To determine the quantity of alcohol obtained, the final distillate 
was weighed in a vessel of known weight. A portion of it was then 
used to fill a thermometer bulb to which five or six centimetres of its 
stem cut squarely off and polished remained attached. This was used 
as a small specific gravity bottle. Its weight when empty and when 
filled with distilled water at 60° F. being known, its weight when filled 
with final distillate at 60° was ascertained. To do this the bulb-tabe 
with a superfluous drop of distillate on its end, was almost entirely 
‘immersed in a jar of water provided with a proved thermometer. The 
air of the laboratory being always over 60°, the water of the jar was 
first cooled to 57° or 58°, and allowed to become warmer. When the 
thermometer showed exactly 60°, the tube was quickly withdrawn, the 
small drop on its planished end wiped off, and the tube then rapidly 
dried and weighed. The specific gravity of the distillate was thus 
ascertained, and by Drinkwater’s tables the whole weight of alcohol 
in the distillate was readily calculated. | 

Sugar exists in all blood; Magendie declared this in 1846, and 
Schmidt in 1850, affirming that it was produced like urea in all parts 
of the body, a view at that time opposed to Bernard’s doctrines. 
Subsequently, however, Bernard declared that sugar is never wanting 
in the blood of man and of the lower animals during life, fluctuating 
normally between one and three parts to a thousand of blood. Pavy’s 
critical experimentation gives about four-fifths of this. I have never 
found it absent from blood, whether fresh or verging upon putrefaction, 
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using sulphate of sodium and Fehling’s test after Bernard’s : 
method, which I had seen him employ. In blood set aside at air | 
temperatures, from a very large number of observations, I can affirm 
that I have never seen sugar disappear entirely, even when putrefaction 
has distinctly set in, which is in accord with Pavy’s subsequent 
observations (Lancet, July, 1878). Indeed there is abundant reason to 
believe that sugar is progressively formed in extravasated blood from 
the stores of glycogen which the blood normally contains, as a continu- 
ation of a process normal to the economy. What Bernard and 
d’Arsonval meant by the “disappearance” of sugar in blood set aside, 
I am, like Pavy, entirely unable to comprehend. | 

The sugar, however, determinable in blood when fresh, disappears in 
part, and, therefore, to find out the mechanism of this partial disappear- 
ance, I made the following experiments. 

Exp. I. 622 grams of ox blood containing sugar was set aside at a 
MT. of 62° F. for 40 hours. At the end of this time sugar could still be 
detected though in diminished quantity. The blood was then distilled 
over the salt bath, and yielded 0°0162 grm. of alcohol. 

This experiment and four similar ones are here tabulated. 


? 


I 622 grams 62° 40hrs. Yes Yes 00162 Filagon only corked. 
I 622 60° 90 Yes Yes 0°1552  Flagon corked. 
Itt 930 66° 42 Yes Yes 0°0647 Flagon filled with 
IV 
Vv 


1120 60° 72 Yes Yes 0°0446 Filagon sealed, 
930 58° 65 Yes Yes 00414 Flagon corked. 


Alcohol was obtained in all these cases, as shown by the chromic 

acid test, and in the three last, where the weight of blood was greater 
- than in the first two, alcohol burned in the test tube. 

In blood therefore, set aside and left to the influences of a ferment 
(-zymase) naturally present in it and also of incipient putrefaction, 
sugar is fermented by the alcoholic fermentation, and the alcohol so 
formed, if not lost by acetification, can be recovered by distillation. In 
all these cases the blood when distilled was alkaline and contained 
ammonium carbonate and H,S. 

Liver tissue, set aside at laboratory temperatures, was next examined. 

Exp. VI. 750 grams of fresh ox liver was pulped and set aside for 
90 hours at a M.T. of 75° F. Sugar could not then be determined 

_ by Fehling’s test. The mass was then strongly acid, effervescing 
vigorously with sodium bicarbonate. While making a decoction of a 
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portion of this liver, acid vapours were given off. Distilled over the 
salt bath. The quantity of alcohol obtained was 0°3285 grm. 

The final distillate burned continuously at the mouth of the test 
tube and struck a vivid green with the chromic acid test. Much of the 
alcohol formed in this liver must have been lost by acetification. Some 
lactic acid may also have been formed. 

Exp. VII. 190 grams of fresh ox liver containing sugar was set aside 
_ ata M.T. of 60° F. for 120 hours. When distilled over the salt bath, it 
yielded a large quantity of alcohol, the final distillate upon ebullition 
giving off vapours which burned continuously at the mouth of the tube 
as long as the liquid was kept boiling. Although but one-fourth of the 
weight of liver was used in Exp. VII that was operated on in Exp. VI, 
_ nevertheless, from the fact that this liver had been kept at a tempera- 
ture of 60°, while in Exp. VI the M.T. was 15° higher, alcohol 
was at least equally abundant. Acetification does not take place in 
organic fluids containing sugar below 65° and the alcohol formed in 
Exp. VII was therefore not destroyed. On the other hand, as I have 
shown in experiments reported in the New York Medical Journal for 
January, 1878, the alcoholic fermentation sets in tumultuously in from 
_ three to five hours, if liver be kept at its somatic temperature, and still 
more rapidly when the liver is already a day or two old. Lung tissue 
gave similar results, 

Exp. VIII. 500 grams of fresh ox lung was comminuted, only cortical 
portions being used, and set aside at a M.T. of 66° F. for 72 hours. 
Distilled over the salt bath. Alcohol burned in a lively manner in the 
test tube and reduced the chromic acid test as usual. Its quantity was 
00328 grm. Three similar experiments are here tabulated with the 


preceding. 


No, of Time batt obtained test 4 
VIII 500 72hre. 66° Yes 0°0823 Yes Lively Only cortical 
| portions used. 
750 96 66° Yes 0°0485 Yes  Vigorously 
x 2180 «8617 76° Yes Toosmall Yes Did not 
XI 6160 65 76° Yes 0°1640 Yes Continuously 


We observe that in Exps. VIII and IX conjointly, with a weight of 
1250 grams, exposed to a mean temperature of 66°, 0-0808 grm. of alcohol 
was obtained, while in Exp. XI, where more than four times this 
conjoint weight of lung was distilled, only twice as much alcohol was 
recovered. This is to be explained by the elevated M.T. of 76° to 
which the tissue was exposed for 65 hours in Exp. XL 
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In the foregoing experiments, which were essentially preliminary, 
organic matters containing sugar were examined after having been set 
aside for varying periods at varying temperatures, and from all of them 
alcohol had been recovered. We may hence assume, as a fair working 
hypothesis, that as the alcoholic fermentation, out of the body, is 
always induced by ferments, and as ferments (enzymes) are everywhere 
active in the body and endowed with wonderful potency, the sugar in 
the blood and juices of the living body must be resolved likewise, if the 
proper ferment be present, by the alcoholic fermentation, and alcohol 
should then be obtainable by distillation from every fluid and tissue in 
which sugar exists, Even the cephalo-rachidian fluid should be no 
exception to this assumption, from which sugar, which is normally 


present in it, disappears according to Bernard during abstinence. But. 


as Magendie showed that substances present in the blood pass with 
great facility into this fluid, so conversely, the disappearance of sugar 
from it may be due simply to exosmosis when the blood is poor in 
sugar. | 

To test these hypothetical assumptions, the following experiments 


were made upon fresh material, in all cases raised to 212° F. in the 


shortest possible time after their removal from the animals, 

Exp. XII. 750 grams of ox lung was pulped and raised to 212° in 90 
minutes after extraction, over the salt bath. Alcohol was seen to pass 
over. The final distillate burned in the test tube, and also reduced the 
chromic acid test; the quantity of alcohol was 00259 grm. 

Exp. XIII, 870 grams of lung, still warm, was pulped and raised to 
212° in 55 minutes after extraction, over the salt bath. Alcohol was 
seen to pass over. The final distillate weighed 0°8411 grm. Alcohol 
burned in the test tube and reduced the chromic acid test. Its quantity 
was 0°0168 grm. 

Exp. XIV. 1240 grams of ox lung, comminuted, was raised to 212° in 
75 minutes after extraction, over the salt bath. Alcohol seen to pass over. 
The final distillate weighed 0°6470 grm. and contained 0°0453 grm. of 
alcohol, which reduced the chromic acid test, but could not be made to 
burn in the test tube. | 

These experiments were made in cool weather; subsequent distilla- 
tions of very large quantities of lung (fifty pounds in five successive 
operations upon ten pounds at a time, whose first distillates were 
mixed and concentrated together ; all the primary distillations being 
made over the salt bath) in August, 1887, when the temperature was for 
many days between 90° and 100° F., entirely failed to procure alcohol, but 
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aldehyde and acetic ether, well known products of the slow oxidation of 
alcohol, were obtained in very considerable quantities. I attributed 
this result to the high temperature to which the lung was unavoidably 
submitted during the period necessarily elapsing between the death of 
the animals and the elevation of the tissue to 212°. I think, also, there 
must be some special converting agencies or conditions normal to the 
lung, whereby alcohol is quickly destroyed by oxidation, Nothing 
comparable to the elaborate exposure of the blood and juices of the 
lung to air even after death and collapse of the organ is seen in any 
other tissue, which at a temperature over 65° or 70° is a condition. 
eminently favourable to acetification, these, in fact, being the essential 
conditions of the “quick” processes for manufacturing vinegar. 

It was not, therefore, possible to distil the lung in the hot weather 
of 1887 before the alcohol which may have been formed after death 
had been destroyed by oxidation, and converted into the substances 
above named, as steps of that process. To obtain alcohol from fresh 
lung the tissue must be cooled immediately after extraction, and kept 
at 60° or 65° F. until distilled, and that process should be as rapid as — 
possible, for there is a possibility of loss of alcohol by acetification even - 
in the distillatory apparatus, during the heating of the tissue, if this 
be prolonged. 

My next experiments were devoted to the distillation of fresh blood. 

In some of them an attempt, which I regard as successful, was made 
to abolish post-mortem hzmal oxidation by adding a strong solution of 
HS to the blood at the moment of its collection. 

Exp. XV. 6970 grams of ox blood was raised to 212° F. in 60 minutes 
after the animals were struck down. The distillation was conducted 
over the salt bath. Alcohol was seen to pass over during the last 
distillations, and its vapour burned in the most satisfactory manner in 
the test tube on ebullition of the final distillate, which also struck a 
bright emerald green tint with the chromic acid test. 

The quantity of alcohol obtained was 0°0650 grm. 

The results of this experiment are tabulated with those of nine 
similar ones in the table here given. In Exps. XXIII and XXIV, the — 
first distillates of three and four similar operations, respectively, were 
mingled, and the concentration continued to a single final distillate, as 
all the conditions were essentially the same, saving that the salt bath 
was used in Exp. XV but omitted in the others, 

In all of these cases the chromic acid test gave the usual reaction ; 
the vapour of alcohol burned in the test tube satisfactorily and even 
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persistently, except in No: XVI and No. XX, which I do not find noted. 
In no instance, then, was alcohol absent from this mixed thoracic blood. 
The mean quantity of alcohol for 10,000 parts of blood when H,S was 
not added was 0°0570 grm., and when it was added, 0°1022 grm., or nearly 


Weight of 
of Exp. (grams)  (mins.) distilled (grams) (grams) (grams) (grm.) Hs 
XV 6970 60 — 0°0650 0-0932 Without. 
XVI 9734 56 101° 1602 08416 600198 002038 Without 
XVII 9137 70 1003 1686 16220 00605  0°0651 With. 
XVIII 9236 995 16238 $6130 00444 00480 With. 
xIx 8988 60 99 1555 26092 01857 01509 With. 
xx 8854 60 98 1555 1°7320 00760 00858 With. 
9423 45 96 1560 18722 00708 00751 Without 
XXII 9112 61 98 1550 09552 00850 00395 Without. 
XXIII 27880 48 98 14060 10°6883 #02928 01071 With. 
XXIV 86800 51 99 17600 140606 05652 01557 With. 


‘twice asmuch, The addition of H,S then, we are authorised to conclude, 
really did exert the anticipated influence upon the post-mortem hemal 
oxidation, by combining with the haemoglobin of the erythrocytes, 
without preventing a further fermentation of sugar; indeed, H,S is a 
constant associate and product of all kinds of fermentation and 
putrefaction, which are, I need not say, essentially the same process. 

When these experiments upon fresh blood and tissues were made, my 
constant efforts were directed to a shortening of the period that must 
elapse between extraction of the material and its elevation to 212°, for 
fear that the alcohol obtained might be credited to some abnormal post- 
mortem process, but I am now quite sure that such haste is altogether 
superfluous, for while the formation of alcohol really takes place after 
death, this occurs essentially as a continuation of a constant 
normal process, s6 that if the blood be maintained at its normal 
temperature, whether its oxidative power has been annulled by H,S or 
not, considerably more alcohol will be obtained after the lapse of one or 
even two hours, without giving any just grounds for impugnment, on 
the score of the occurrence of some abnormal process, for both the 
fermentation of sugar and the oxidation of the resultant alcohol are 
only steps of one and the same process, from first to last, bipssasl the 
control of fermentative agencies. 

According to the hypothesis under which I have made these experi- 
ments, sugar and alcohol must always coexist in normal extravasated 


blood and also in the blood of the large vessels and capillaries of the 
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tissues soon after the cessation of respiration. When distilled, therefore, 
the tissues should yield alcohol. But as the capillary blood of a tissue is 
of small amount after its larger vessels are drained, alcohol will be 


_ obtained only.in very small quantity, unless large amounts of tissue 


are distilled. The following experiments upon the presence of alcohol 
in fresh liver were made to test these considerations. | 
Exp. XXV. 2985 grams of fresh ox liver was raised to 212°F. in 
40 minutes after extraction ; 1400 grams of first distillate was collected. 
The final distillate weighed 1:1050 grm. and contained 0°0064 grm. of 
alcohol; it gave a bright green reaction with the chromic solution, 
but the quantity of alcohol was too small to be inflamed in a test tube. 
Exp. XXXVI. The entire liver of a dog sacrificed in the laboratory was 


--paised to 212°F, in seven minutes after extraction. The final distillate 


weighed 0°860 grm. and struck a bright green with the chromic test but 
could not be made to burn in the test tube. The quantity of alcohol 
was 0°0024 grm. 

As the hepatic veins stand naturally agape, the liver on exsection 
is at once drained of its blood, so that only capillary blood remains, 


‘Hence it was obviously necessary to operate upon greatly larger 


quantities, as follows, 
Exp. XXVIL 18,600 grams of fresh ox liver was distilled in three 
successive operations, in from 35 to 45 minutes after extfaction. The 


three first distillates were mixed and the process of concentration con- 


tinued, The final distillate weighed 1:2304 grm. It struck a vivid green 
with the chromic acid test, and the vapour of alcohol burned brightly and 
repeatedly in the test tube. The quantity of alcohol was 00324 grm. 

Alcohol, therefore, can be shaioad Meo fresh liver in demonstrable 
quantities, if a sufficient weight be distilled. If the liver operated on 
here had been kept at its somatic temperature for an hour or 90 
minutes, so as to allow of the accumulation of sugar in its substance 


which takes place rapidly after extraction, larger quantities, I am — 


confident, would have been procured. In all cases alcohol thus obtained 
must be derived from the capillary blood and possibly the lymph of the 
liver, and cannot be imagined to be related in any way whatever to the 
secretory acts of the organ. Its source, as in all other organs and 
tissues, is the blood which circulates through them, but the liver, it 
must be recollected, is the seat of a rapid change of its glycogen into 
sugar when the circulation is abolished, whereby sugar accumulates in 
it. For the same reasons, pancreatic tissue contains alcohol, as is seen 
by the following experiment. 
PH. XXXIV. 29 
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_» Exp. XXXI. 1868 grams of ox pancreas rapidly deprived of its fat 
was raised to 212°F. in 60 minutes after the death of the animals 
(two). The final distillate weighed 10246 grm. and reacted vividly with 
the chromic test, but the quantity of alcohol was too small to ane in 
the test tube. 

Exp. XXXII. 280 grams of blood from the cephalic a of the 
jugular vein of a small bitch was raised to 212° F. in 10 minutes after 
the vein was opened. The animal was in full digestion. The final 
‘distillate struck a bright green with the chromic test, but souk not 
be made to burn in the test tube. 

The existence of alcohol in the distillates of fresh blood and siemwen 
at the earliest moment when this substance can be procured by distilla- 
tion was thus demonstrated, but we must by no means conclude that 
the portion of alcohol obtained in any of these cases actually existed in 
the blood or tissue during life. It must have been formed after the inter- 
ruption of respiration and the circulation precedent to death, and also 
after the removal of the matters distilled, by the continuation of a normal 
process. For while oxidation was impaired (to eventual annulment) by 
death, extravasation and exsection, there was nothing to prevent a 
continuance of the alcoholic fermentation, either in the body or out of 
it, for the temperature remained adequate. Thus it would seem that 
‘ by such a post-mortem fermentation of sugar, oxidation meanwhile 
being mostly in abeyance, the quantity of alcohol recoverable from the 
blood or tissues might be considerably greater than that recorded here, 
provided also that the temperature be kept below the point of 
acetification, whereby the alcohol formed would be rapidly lost. 
Alcohol, therefore, cannot be supposed to be normally existent in the 
blood at any time, for we must assume that it is oxidised as fast as 
formed. But it is certainly unmasked when ingested, as we know from 
its effects upon the nervous system, and when the blood is in a highly 
fermentative condition, as in fever and septic states, the formation of 
alcohol may outrun its destruction. 

It was generally known to the earlier chemists, and was especially 
declared by Liebig, that alcohol when ingested is destroyed by a pro- 
gressive oxidation in the circulation. This opinion, however, was based 
wholly upon theoretical considerations, To demonstrate this as far as 
practicable, I made the following experiments upon defibrinated blood, 
premising, that attempts to imitate natural processes out of the body 
can only be regarded as approximate and illustrative. 

Exp. XXVIII, Into 1000 grams of fresh defibrinated ox blood 
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20 minutes after extraction, 0°3882 grm. of absolute alcohol was dropped. 
The blood in a glass flagon holding three quarts was maintained for two 
hours at 98° F. by a water bath. The flagon was frequently removed and 
its contents agitated with the air in the flagon, which was renewed every 
five minutes by a bellows. The blood became and remained rutilant. 
It was distilled when two hours had elapsed over the salt bath. The 
final distillate weighed 19733 grm., reacting as usual with the chromic 
acid test and burning in the test tube. The quantity of alcohol recovered 
was 0°9258 grm.; 0°3624 grm. (0°3882—0-0258) of alcohol must therefore 
have been destroyed by oxidation during the two hours. 

Exp. XXIX. Into 1000 grams of fresh defibrinated ox blood 
contained in the same flagon, 0°5823 grm. of absolute alcohol was 
dropped. The flagon and its contents were kept at 100° F. for two hours 
in a water bath. Every two minutes the air of the flagon was renewed 
as before, and the flagon well shaken. Sugar was present both before 
and after the procedure. At the end of two hours the blood was distilled 
over the salt bath. The final distillate weighed 1‘2616 grams., reacting 
affirmatively with the chromic acid test and burning in the test tube. 
The quantity of alcohol recovered was 0°1887 grm.; 0°3946 grm. of 
alcohol had therefore disappeared. 

The blood having been rendered arterial in these two expacimente; 
it was desirable to ascertain as a counterproof the effect of rendering it 
venous, as far as practicable, by means of carbon dioxide. 

Exp. XXX. Into 1000 grams of fresh defibrinated ox blood contained 
in the same flagon, 05176 grm. of absolute alcohol was dropped. The 
flagon was filled by displacement, after the introduction of the blood 
and before the addition of the alcohol, with pure carbonic acid. It was 
then closely stoppered and maintained as before at 100° F. for two hours. 
CO, was repeatedly added, the blood being each time well agitated with 
it, with the production of a very dark or even black hue, as usual. At 
the end of the two hours, the blood was distilled over the salt bath. . 
The final distillate weighed 48848 grams. and reacted affirmatively 
with the chromic acid test, the vapour of alcohol also burning in the 
test tube. The quantity of alcohol recovered was 0°2931 grm. Con- 
sequently, 0°2245 grm. of alcohol had disappeared. 

The ratio per cent. of the aleohol destroyed in the blood to that 
added, was in Exp. XXVIII, 933; in Exp. XXIX, 67°7; and in 
Exp. XXX, 43:0; results confirmatory of the hypothesis acted on. 

Oxidation of alcohol is thus proved to occur even in fresh extrava- — 
sated blood, if due eration and a temperature at or near the normal grade 
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be maintained, with frequent agitation. This oxidation, moreover, 
appears to proceed more rapidly in arterialized than in venosed blood. 
These results also are the counterpart of those obtained by the addition 
of HS to blood during its collection, whereby I have shown that post- 
mortem hemal oxidation is greatly hindered or even annulled, so that 
twice as much alcohol is recoverable. These experiments were the first 
made to test the theoretical assumptions of chemists up to 1858. Some 
fourteen years after their publication, Anstie, Dupré and Binz reported 
results entirely confirmatory of the prevalent hypothesis and of my own 
determinations as above. Surgeon Thompson also contributed to the 
Lancet the details of several well conducted experiments with ingested 
alcohol, and W. O. Atwater has likewise investigated the subject with 
similar affirmatory results. It must now be regarded as beyond denial 
that alcohol is progressively oxidized in the blood under the influence of 
a ferment, which was the hypothesis under which my investigations 
were originally made as first suggested by Liebig (Agricul, Chem., 
Chap. VII), and which is maintained in the present paper. 

The “destruction” of dextrose in the economy is thus resolvable 
into two phases, that by which a rearrangement of its elements into 
alcohol and. carbon dioxide occurs, and that in which the)blcohol formed 
is oxidized in the blood. Dextrose is thus converted finally into fully 


oxidized crystalloidal products, and in both of the phases of its “destruc-. 


tion” liberates heat. This heat is consequently divisible also into two 
portions, that due to the act of fermentation itself (Heat of Fermentation) 
and that evolved by the oxidation of the alcohol so formed. Both of these 
stages of the destruction of dextrose are essentially processes of oxida- 
tion, and, while we know that the first stage, or “fermentation” of sugar, 
is entirely dependent for its origination and continuance upon ferment 


agency, we are obliged to conclude also, for many considerations, that — 


the oxidation of alcohol in the blood and juices of the body is so like- 
wise, both during life and after death, a conclusion which possesses a 
very high pathological significance. 

The amount of heat respectively due to the alcoholic lacinenlabiin 
and to the oxidation of the alcohol formed can be estimated, although 
the data furnished by different observers vary materially. According to 
C. v. Rechenberg, a gram-molecule of dextrose (180 grams) when 
burned in the calorimeter liberates 709 K. (large calories). Berthelot 
found it to be 718 K. v. Rechenberg gave the heat of fermentation 
as 67 K.; Berthelot, as 32:07 K.; Bouffard (Comptes Rendus 1895, 
125, 357), as 23°5 K., and Adrian J. Brown, 214K. Butas Berthelot 
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found that 642 K. was developed by the combustion in the calorimeter 
of the two molecules of alcohol formed from one of dextrose by fermen- 
tation (2C,H,O = 92 grams), if we neglect the succinic acid and glycerine 
formed in fermentation by yeast, which may not be formed in the animal 
body, the difference (71 K.) between 713 K. and 642 K. must give approxi- 
mately the heat due to the fermentation of a gram-molecule of dextrose, 
and 71 divided by 713 the ratio per cent. of the heat of fermentation to 
that evolved by the “destruction” of the gram-molecule of dextrose, or 
9°95 per cent. So that by this mode of calculation, nearly ten per cent. 
of all the heat produced by the destruction of dextrose in the body, is to 
be credited to the molecular combinations we term “ fermentation,’ and 
a little more than 90 per cent., but according to the other observers 
above quoted, much more is evolved by the progressive oxidation of 
alcohol in the system. | 

_In my original paper and in all subsequent ones upon this subject, 
I have argued against the hypothesis of a conversion of dextrose in the 
organism into lactic acid, as first suggested by Bernard. In view of 
the facts I have here presented and legitimate deductions from them, 
I can perceive no necessity for any such assumption, for this “lactic acid 
hypothesis” has no facts to support it. Lactic acid has never been 
found in the fresh blood either in health or disease, as I have found 
alcohol, and when existing in the stomach is now recognized to be a 
product of perverted digestion. It has been shown, moreover, to produce 
grave systemic disturbances when given internally even in small 
quantities, such as Cantani administered, amounts utterly insignificant 
as a source of heat. 

Alcohol has been found by Rajewsky in muscular tissue, which is a 
confirmation of my own views, and in accord with the results herein set 
forth of my distillations of blood and other tissues. R. von Jaksch 
discovered in animal tissues and blood a body yielding the iodoform — 
reaction. F. Rupstein in 1874 found alcohol in diabetic urine. 
Alcohol has also been found in the alimentary canal, where, if not in : 
it must be looked on as an abnormal product, and when absor ust 
be oxidized like that due to the hemal fermentation of dextrose. 

Finally it is to be mentioned that Stocklasa' from experimental 
evidence of a different kind has recently come to conclusions somewhat 
similar to my own. 


1 Stocklasa. Arch, f. d. ges. Physiol. ct. p. 311. 1904. 
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ON THE INFLUENCE OF THE RELATIVE CONCEN- 
TRATION OF CALCIUM IONS ON THE REVERSAL 
OF THE POLAR EFFECTS OF THE GALVANIC 
CURRENT IN PARAMECIUM. By FRANK W. BAN- 
CROFT. (Three Figures in the Text.) 


(From the Rudolph Spreckels Physiological Laboratory 
of the University of California.) 


Introduction. For a number of years Loeb has been investigating 
the effects of electrolytes on muscle, nerve, and other tissues in order to 
find an explanation of the stimulating effects of a constant current ; 
since it was evident that the current could act only through the ions by 
which it is conducted’, 

One of the conclusions of these investigations is stated by Loeb 
(1906, German edition, pp. 151—152) as follows: “Since, upon making 
the current, the increase of excitability takes place at the cathode; 
and since, upon making the current the contraction also starts from 
the cathode, one might think that the relative concentration of certain 
cations might be responsible for both processes....Now, as we have 
seen, the experiments showed, that when a frog’s muscle is put in 
m/8 NaCl solution* at room temperature the twitchings begin in about 
an hour. If the solution used is somewhat more concentrated, viz. m/6 
to m/4 then the twitchings begin at once. The results do not depend 
on the Anion, as NaNO,, or the sodium salts of the fatty acids act 
similarly or even stronger. This simple experiment shows that a 
sudden increase in the relative concentration of the Na-ions in the 
muscle produces contractions, If a sufficient quantity of a Ca- or Mg- 
salt is added to the NaCl solution then these twitchings do not take 
place. The experiments, then, lead to the possibility that the make con- 

1 These results are summarized in The Dynamics of Living Matter, chap. v. 
71—105, 
This is obtained by dissolving the molecular weight plus the water of crystallization in 
grams in a litre of water. 
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traction produced by the galvanic stimulation of the muscle or nerve 
depends upon the tact shat the ralio  Loabtisoi) _ 

pends upon the e ta oe (1901) 


also discovered in this series of experiments that when the nerve of a 
frog’s muscle nerve preparation is immersed in solutions of Na salts 
whose anions tend to diminish the ionized calcium (oxalate, citrate, 
fluoride, etc.) that a very marked increase of excitability takes place, 
similar to the increased excitability (katelectrotonus) produced at the 
cathode during the flow of the galvanic current. Conversely, when the 
nerve is immersed in a solution of a calcium or magnesium salt a 
condition of diminished excitability results, similar to the decreased 
excitability (anelectrotonus) produced at the anode during the flow of 
the galvanic current. In a later paper (1905) he proposes a theory of 
the electrotonic effects of the galvanic current based upon these facts ; 
supposing that the galvanic current also acts by decreasing the free Ca 
and Mg ions at the cathode, and increasing them at the anode. He says; 
“The changes in the concentration of the various ions which will occur 
in a nerve at the electrode depend primarily upon the velocity of the 
‘migration of ions. This velocity varies considerably for the anions 
found in nerve and muscle. While the Cl ion has a very high velocity — 
(65°4) the higher fatty acid anions, such as oleate, have a very small 
velocity, probably below 30. The same must be true for palmitate and 
stearate [and many other organic anions]. These anions of the higher 
fatty acids must be found in nerve and muscle. It is known that these 
anions precipitate Ca and it has been shown directly by Friedenthal 
that sodium oleate acts like sodium oxalate and sodium fluoride in the 
production of muscular twitchings and otherwise, when injected into an 
animal. On account of this enormous difference in the velocity of the 
Cl and oleate ions, the galvanic current must cause more Cl ions to 
leave the cathode in the unit of time than oleate, palmitate, etc., ions 
and consequently, in the region of the cathode, the current must bring 
about a relative increase in the concentration of the Ca precipitants 
such as oleates, etc., and a relative decrease in the concentration of CaCl,, 
which is riot only very soluble, but also highly dissociated It is 
therefore obvious that the effect of the galvanic current at the cathode 
region must be the same as if we put the nerve into a solution of sodium 
oxalate, fluoride, citrate, etc.. At the anode just the reverse must occur. 
In the unit of time comparatively more Cl than oleate ions must 
migrate and collect there and the result will be an increase in the con- 
centration of free Ca and Mg ions.” 
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During an examination of the effect of a number of chemical” 
substances on the galvanotropism of paramecium in order to test 
Coehn and Barratt’s (1905) theory of galvanotropism I noticed that — 
in ij and x sodium citrate the infusoria were entirely unaffected by 
the current. This showed that it was possible to influence galvanotro- 
pism in an entirely unsuspected way, and led to a systematic examination 
of a considerable number of chemical substances. The investigation led 
to the conclusion that it was possible by means of suitable concentrations 
of many salts to produce at will migration forwards towards either the 
cathode or the anode, migration backwards towards the anode, or the 


| _ total absence of galvanotropism. A short account of some of the results 


and of other experimerts proving the untenable nature of Coehn and 
Barratt’s theory of galvanotropism was published last spring (1906). 
Further experiments showed that the most potent influence in producing 
all the variations of galvanotropism mentioned above as well as some of 
their modifications was the relative amount of calcium present. Finally, 
in attempting to explain these phenomena it was seen that all of these 
apparently contradictory modes of behaviour could be easily explained — 
on the basis of Loeb’s theory if it is assumed that galvanic stimulation — 
depends upon the presence of a certain definite relative proportion of 
calcium ions and does not occur if the relative concentration of the 
calcium ions is either greater or less. 

Methods. The paramecia that served for most of the experiments 
were a hay infusion culture about 2} years old that has been kept up 
by adding pieces of bread from time to time. Professor Geo, E. Colby, 
to whom I wish to express my best thanks, very kindly analysed the 
inorganic constituents of the culture fluid with the following results : 


Analysis of Culture Fluid, 


Parts per million 
K,S0, is 128°8 
Na,SO, 188-9 
NaCl 
Na,CO, 
MgCO, > ‘ 168-0 
CaCO, 40°3 
Ca,P,0, 
Much organic matter and chemi- 
cally combined water 520°0 
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As the analysis shows, there are considerable quantities of salts 
present in the fluid, and hence an indispensable precaution in deter- 
mining the effect of most salts is to carefully wash the paramecia in 
distilled water. If this is not done the salts contained in a small drop of — 
the culture fluid containing the paramecia will obscure or prevent the 
characteristic action of the substance to be tested. Some of the more 
vigorously acting salts like sodium oxalate, Na,CO,, and BaCl, will 
produce their effect in the presence of small quantities of other salts. 
Other salts, however, such as NaCl and KCl, may easily have their action 
prevented by the salts in the culture fluid. Accordingly, unless the. 
opposite is stated, all statements here will refer to paramecia that have 
been washed once or twice in water distilled from glass; that have been — 
concentrated by centrifuging and have been kept in the distilled water. — 
No difference could be detected in the behaviour of paramecia that had 
just been washed and those that had been kept in the distilled water 
for 24 hours or more. 

The current used was the 110 volt power circuit of the university. 
It was led through a water rheostat, milliammeter, pole changer, and 
Porter's non-polarizable boot-electrodes. The electrodes were filled in 
many cases with the substances that were being tested instead of with 

the ZnSO, to prevent any contamination by Zn and SO, ions. The 
_ troughs in which the paramecia were tested were made of paraffine and 
glass, and were usually 60x13x2mm. In a short trough the 
characteristic effects of some of the chemicals cannot be so easily 
demonstrated. Usually the strength of the current was not found to 
make much difference. In several cases, however, the nature of the 
reaction changed entirely with a change in the intensity of the current. 


Thus on one occasion in iv NaCl anodal galvanotropism was obtained 


with a current of 2 milliamperes while with one of 6 and 7 milliamperes 
an absence of galvanotropism was obtained. On another occasion — 
currents of 9 to 12 milliamperes sometimes gave a cathodal and some- 
_ times an anodal galvanotropism while a current of 2 milliamperes always 
produced anodal galvanotropism. On account of these results a current 
of from 1—2 milliamperes was generally used. In the troughs employed 
these currents had a density of from about 38 to 77 6. 
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ANoDAL GALVANOTROPISM. 


_ By anodal galvanotropism is meant an orientation of the paramecia 
with their anterior ends towards the anode. By cathodal galvanotropism 
is meant an orientation with the antericr end towards the cathode, no 
matter whether the infusoria are moving forwards to the cathode or 
backwards to the anode. : 

Of the substances tested acids and alkalis failed to produce any 
decided change in the nature of the galvanotropism. The following 
salts, however, at the concentrations indicated in the table, all produced 
anodal galvanotropism : 


BaCl, Na, Citrate 

K, Oxalate _ NaF 

TiCl Na, Oxalate 
Na Acetate Na,HP 0, 
NaHCO, Na,SO, 
Na,CO, NH,NO, 


galvanotropism’ the character of the galvanotropism differed greatly 
with different salts, and with different concentrations of the same salt. 
There was an optimal concentration for each salt, at which the anodal 
_ galvanotropism was obtained most distinctly; and this concentration 
varied even with the same culture at different times so that it was 
always necessary to experiment with a series of concentrations. The 
b‘gher concentrations either killed too rapidly or caused a total 
_ absence of galvanotropism. In the weaker concentrations there was 
cathodal galvanotropism. Between these two extremes was a series of 
concentrations that caused anodal galvanotropism (see table). — : 

Even in these solutions the anodal galvanotropism was not a perma- 
nent phenomenon, but developed, gradually reached a maximum and 
then disappeared, being followed by cathodal galvanotropism or absence 
of galvanotropism. In the more, concentrated solutions the anodal 
galvanotropism appeared very rapidly and disappeared rapidly, some- 
times in 30 seconds. In the weaker solutions it sometimes took 
5 minutes for the anodal galvanotropism to appear, and it lasted about 
10 minutes longer. In the experiments of Loeb on muscular twitchings 
- (1899, General Studies, p. 552) the same time relations were observed 
for solutions of various concentrations. Loeb concluded that the rapid 
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cessation of the muscular twitchings in the more concentrated solutions 
was due to an injury of the muscle. But in the case of paramecium it 
did not appear that the cessation of the anodal galvanotropism was due 
to an injury of the animal. Two instances in point may be given. In 
m/20 NaCl the anodal galvanotropism did not last more than about 15 
minutes. After that the normal cathodal galvanotropism supervened 
and the paramecia swam normally and appeared to be in good 
condition for an hour or more longer. In sodium citrate the paramecia 


Taste I. Effect of chemicals on galvanotropism. 
A= Amodal galvanotropism. 
C=Cathodal galvanotropism. 
_ K-=Kills before observation can be made. 


| 0=Total absence of galvanotropism. — 
Concentrations in . 
fractions of gram 

molecular weights... m/10 m/20 m/40 m/80 m/160 m/820 m/640 
C not normal, orientation 
poor, reversal slow. 

K KEK & K & , Cin 
FeCl, K K K K K K_ kK in m/1000—m/16000, C in 
KCl 
KH,PO, 0 A in m/100, 

A : At first motionless, later 
ei they swim. 
MgCl, C like that in CaCl,. 
Na Acetate A in 
NaHCO, 
NaCl 
NaF 
Na, Oxalate 
NH,NO, 
Boracic Acid Cc 0 
co, C in 20°%/,—100°, Shasta — 

water. 
Citric Acid K K K K K K_ K__— Cin m/20000, m/60000. 
Oxalic Acid K K K K K KK &K in m/1000, m/4000, C in 
to m/80000. 

Ca (OH), K° K K_ kK in m/1000, m/2000. 
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also swam about normally long after the anodal galvanotropism had 
disappeared, but in this case they exhibited no galvanotropism, being 
entirely unaffected by the current. Some rough experiments on the 
effect. of temperature were made which showed that with a rise of 
about 10 degrees the time required for the appearance of the anodal 
galvanotropism was increased two or three times, All these facts point 
strongly to the conclusion that the anodal galvanotropism occurs 
during the course of some chemical reaction, and not after 
chemical equilibrium has been established. 


In addition to the effects of different concentrations, the various 


salts differ much as regards their effectiveness in producing anodal 
_ galvanotropism, and in the’ character of the galvanotropism produced. 
BaCl, was by far the most effective salt. It caused anodal galvano- 
tropism even at the dilution m/1280. Moreover the character of the 
galvanotropism produced by the optimal concentration of BaCl, (usually 
m/320) was quite different from that seen with any other salt. When 
first put in the solution the infusoria became motionless and all 
appeared dead, but as soon as the current was made they all swam 
towards the anode with perfect orientation. When the current was 
reversed the paramecia all stopped short and remained whirling about 
their long axes for a considerable time, perhaps moving very slowly 
forwards or backwards. Then a few slowly got turned around and 
started off to the anode again., Na,HPO,, Na,CO,, and NaHCO, 
seemed to belong to the next group so far as effectiveness and the 
character of the reaction was concerned. In their optimal concentra- 
tions these salts produced practically universal anodal galvanotropism, 
but the orientation was not so exact as in BaCl,, and with a reversal of 
the current there was a comparatively rapid turning of the animals. 
Na,HPO, caused an especially rapid turning so that the anodal 
galvanotropism might be mistaken for the normal cathodal galvano- 
tropism if one did not know the poles. 

All the other salts producing anodal galvanotropism belong to the 
' third group so far as the character of the reaction is concerned. Some 
were found to be effective at lower concentrations than others, but in all 
of them the orientation was rather poor, many animals were not affected 
by the current, or swam towards the cathode, so that it was often 
necessary to wait half a minute after the current was made, and to 
examine a considerable number of individuals to make sure of the 
nature of the galvanotropism. When the current was reversed some 
of the anodal paramecia did not turn at all, and those that did, turned 
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20 slowly that one usually had to wait for 80 seconds or more to see : 
that they had turned. 

When compared with other cases in which salts have been found to 
influence the activities of animal tissues it is seen that the salts which 
cause anodal galvanotropism correspond in general to those that produce 
muscular twitchings (Loeb, 1899, 1902), contact irritability in muscle, 
increased irritability in the motor nerve (Loeb, 1901), and increased 
peristalsis and secretion of the intestines (MacCallum, 1903, 1904). 
In all of these cases the salts tending to diminish the concentration of 
free calcium ions are particularly active; and, in the case of the 
muscular twitchings and intestine, BaCl, was also fund to be very 
effective. 


REVERSAL OF PriiGErR’s LAW. 


In a recent paper (1905) I have shown that when paramecium is 
subjected to the influence of the constant current the cilia of the 
cathodal end of the animal are in the stimulated condition while the 
cilia of the anodal end are in the unstimulated condition and that 
hence Pfliiger’s law holds for the galvanotropic reactions of this animal. 
That the anodal cilia were really in an unstimulated condition and not 
in a forced condition was made evident by the observation that when 
the paramecia swim backwards toward the anode (Loeb and Budgett 
1897, p. 532) in solutions of NaCl and other substances, the anodal 
cilia also assume the stimulated condition ; that-is, they point towards — 
the anterior end of the animal, and strike more strongly forward. : 

Now, since the cilia are the locomotor organs of paramecium, the 
nature of the galvanic stimulation which causes the anodal galvano- 
tropism described above could only be determined by an examination of 
the cilia, This was determined by examining them in the viscid fluid 
obtained from Irish moss (Chondrus) recommended by Statkewitsch 
(1904), to which some india ink had been added, as recommended by 
Jennings (1904). In this medium the direction of the effective 
stroke of the cilia could be easily detected by watching the direction of 
the migration of the ink particles nearest the cilia in question (Fig. 1). 
These experiments were rendered difficult because of the salts contained 
in the Irish moss, and so it was attempted to determine the action of 
the cilia in only three of the more powerfully acting salts. The best 
results were obtained with m/30 BaCl, and m/20 Na,CO, in Chondrus — 
jelly. Both of these concentrations were much higher than was 


necessary to produce anodal galvanotropism in the absence of the 
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Chondrus jelly, in fact they would have been fatal in its absence. At 
these concentrations a decided anodal galvanotropism was obtained, and 
if was seen many times that in the anodal paramecia the cilia of the 
anode half of the animal were propelling the neighbouring india ink 
particles forwards while the cilia of the cathode half were propelling 
the particles backwards (Figs. la, 2a). It was shown in the previous 
paragraph that the essence of Pfliiger’s law in paramecium consisted in 
the forward stroke of the cathodal cilia, which shows that they are in the 
stimulated condition. During the anodal galvanotropism on the 
other hand the anodal cilia are in the stimulated condition, 
- and consequently Pfltiger’s law has been reversed. 

In this medium the anodal galvanotropism did not last long. 
When the current was left on and the same paramecium watched 
continuously it was seen to swim slowly towards the anode for about 
three minutes and then suddenly to move backwards, all the cilia 
having their effective stroke forwards (Fig. 1 a and 6). A few 


Fig. 1. Diagram showing the effect of the galvanic current in BaCl, or Na,00,. The 
arrows indicate the direction in which the cilia move the neighbouring particles of 
india ink. a, condition during the first 8 minutes, anodal galvanotropism. 0}, back- 
ward swimming towards the cathode, after about 4 minutes. c, cathodal galvanotro- _ 
pism after the current is reversed. 

individuals turned around and swam towards the cathode with the 

cathodal cilia striking forwards. Most of them, however, continued 
swimming backwards until they died. If, however, the current was 
reversed, they were then headed towards the cathode and immediately 
showed the normal cathodal galvanotropism (Fig. 1 c). When the 
current was reversed during the migration to the anode (Fig. 2) there 
was not a change in the effective stroke of both anodal and cathodal 
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_ Cilia, as is the case in the normal cathodal galvanotropism (Fig. 2 d,¢,/), 

but only the posterior cilia changed and beat forwards so that all the 
cilia were striking forwards and the animal was swimming backwards to 
the new anode (Fig. 2b). When the current was kept flowing in the 
second direction long enough the condition of cathodal galvanotropism 
came on and the paramecium swam forward to the cathode with the 
- characteristic stroke of the cilia (Fig. 2c). 


under the influence of the galvanic current. The arrows show the direction in which 


the cilia move the neighbouring india ink particles. When the current is reversed the 
anodally galvanotropic paramecium swims backwards for a little while, }; and then 


swims forward to the cathode with the characteristic position of the cilia. Inthe | 


cathodal paramecium all the cilia change direction upon reversal of the current and 
then the animal turns around, 


The behaviour of the cilia was also studied in m/20 sodium oxalate 
dissolved in Chondrus jelly. In this solution fair anodal galvanotropism 
was easily obtained, but in no case were any of the cilia seen to beat 
forwards while the paramecia were swimming towards the anode. 
When the current was reversed they usually turned slowly toward the 
new anode; but before this turning was accomplished it could be 
distinctly seen in many cases that the posterior anodal cilia were 
moving particles forward, and hence were in the stimulated condition 
(Fig. 3). 

These facts show that, although during the anodal galvanotropism 
the behaviour of the anodal cilia is not exactly the same as the 
behaviour of the cathodal cilia during cathodal galvanotropism, yet 
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in all cases where some of the cilia are in the unstimulated condition — 
(striking backwards) and others are in the stimulated condition 
(striking forwards), the stimulated cilia are always at the anodal end of 
the animal. Thus it is evident that there is in this case a reversal of 


Dt 
Fig. 8. Diagram showing the effect of the current on siiaaiate:y eithabinitinix: The 
arrows indicate the direction in which the cilia move the neighbouring india ink 
particles. When the current is reversed the posterior cilia which are then anodal 
move the particles anteriorly. 
’ Pfliiger’s law, so that the stimulus which normally takes place at the 
cathode here occurs at the anode. In the later sections it will be shown 


that this remarkable reversal is connected with the diminution of the 
calcium in the infusorian. 


- COMPLETE ABSENCE OF GALVANOTROPISM. 


It might be thought that the absence of galvanotropism is brought 
on because the paramecia have been so seriously injured that they 
cannot respond to the current. An absence of galvanotropism has been 
seen in several cases that was evidently due to injury. In both 
m/160 KOH and m/160 NaOH the animals lived for a little while, but 
failed to respond to the current. It was very evident, however, that 
they were being injured for there was no normal locomotion, but merely 
a series of violent motor reflexes with all sorts of variations. On the 
other hand, in many solutions that kill rather rapidly the paramecia — 
exhibited an orderly galvanotropism until the very end. The salts that 
are credited in the table with bringing about an absence of galvano- 
tropism do not kill rapidly, and'do not cause violent motor reflexes. 
The paramecia swim about.quietly, in a perfectly normal way, and it is 
only when the current is made that anything unusual is detected. 
Thus in the m/10 sodium citrate the great majority of the animals 
lived and behaved normally for 10 minutes, and many of them were 
swimming normally after 15 minutes. But from the first there was no 
response to the current. 
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An inspection of the table will show that the absence of galvano- 
tropism was produced by neither acids nor alkalis, but only by certain 
salts. These salts were potassium oxalate, KH,PO,, sodium citrate, 

i NaF, sodium oxalate, Na,HPO,, Na,SO,'; all of them except the 
1 sodium citrate being among the stronger calcium precipitants, All of 
' _ the salts also produced anodal galvanotropism when their concentration 

: was less. Moreover, in these weaker concentrations anodal galvano- 

tropism was observed only during the first few minutes and was followed 
later on by an absence of galvanotropism, so that it appeared that the 
anodal galvanotropism was only a stage in the absence of galvanotropism. 
But this sequence was not invariable for in the case of some other salts 
the anodal galvanotropism was followed after a few minutes by cathodal 
galvanotropism. 


ROLE OF CALCIUM. 


It has already been seen that many of the salts that produce anodal | 
galvanotropism, and the absence of galvanotropism tend to reduce the 
amount of ionized calcium in the infusoria, and a direct examination of 
the effect of calcium shows that its presence is of the greatest importance 
in determining the character of the galvanotropism. 

In pure CaCl, of the concentration m/10 and weaker, the paramecia 
always exhibited the cathodal galvanotropism, but it was not of the 
normal character. In m/10 CaCl, they contracted slightly, swam more 
rapidly than usual, and at first glance did not appear to be affected by 
the current at all. Many individuals were seen swimming in all 
directions, and when the current was reversed no infusoria were seen to 
change the direction of their migration. If, however, the current was 
| continued in one direction for about a minute, and was then reversed 
| and the poles watched, it was seen that a considerable number of 
individuals had collected at the old cathode and were now leaving it — 
for the new cathode; while at the opposite pole no animals had 
collected. With m/20 and m/40 CaCl, and with still weaker solutions 
the cathodal galvanotropism was found to become increasingly more 
pronounced, until its presence became evident at first glance. In 
MgCl, also, the current produced a cathodal galvanotropism similar to 


1 These results were obtained with paramecia that had been washed once in distilled 
water. When they had been washed twice m/10 KCl and m/10 NaCl would frequently 
bring about a complete absence of galvanotropism. It is probable that with still higher 
concentrations all the salts producing anodal galvanotropism would also produce an 

absence of galvanotropism. 
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that described for CaCl,; but the salt was much more toxic and the 
peculiar nature of the galvanotropism did not appear so clearly. CaCl, 
and MgCl,, then, act entirely differently from the other salts tried, 
all of which except the strongly toxic ones CaH/PO,), and FeCl,’ 

produced either an absence of galvanotropism, or anodal a, 
or both according to their concentration. 


MIXTURES OF SALTS. 


When the effect of the mixtures of various salts on the galvano- 
tropism was tested the unique position of CaCl, was brought out still 
more strongly. The effect of the following binary combinations of salts 
on the galvanotropism was tested : | 


* BaCl, and CaCl, KCl and Na, oxalate 
BaCl, , NaCl K, oxalate ,, CaCl, 
KCI , CaCl,  K, oxalate ,, Na, oxalate 
KCI, MgCl, Na, citrate ,, CaCl, 
KCl _,, Na, citrate Na, citrate , NaCl 


KCl NaCl NaCl CaCl, 
: NaCl » Na, oxalate 


I always worked with a series of concentrations, and in all the later 
experiments determined in advance the effect of the pure solutions on 
the particular sample of paramecia to be tested before trying the 
mixtures of salts. It was only in the case of combinations containing 
CaCl, that particularly instructive results were obtained. In the case 
of the other combinations solutions producing a similar result continued 
to produce it when combined, and with solutions producing different 
results the antagonistic effect of one solution was not found to be very 
much greater in one salt than the other. But with the mixtures 
- containing CaCl, a very striking antagonism between this salt and all 
the others tried was observed. One example will show the nature of 


the experiments, and the results obtained. 


Effects of CaCl, and KCl, Parumecia from entare 1, washed twice in dite water 
Ourrent 2ma. 

m/10 KCi. Total absence of galvanotropism. 

m/20 KCl. . Anodal galvanotropism, rather poor. 


* Even these two salts showed some indications of producing an absence of galvano- 
troplem, bat could not be sure thas this absence waa not due to injury. 
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m/80 KCl. Cathodal galvanotropism predominates, some anodal galvanotropism. 

m/10 CaCl,. Characteristic cathddal galvanotropism. 

50 °/, m/10 CaCl, + 50°/, m/10 KCl. Cathodal galvanotropism, strong and fairly normal, 
but they swim too fast and reverse too slowly. The longer they stay in the solution 
the more they act like animals in pure CaCl,. 

25 °/, m/10 CaCl, +75°/, m/10 KCl. 80 secs, after mixing the paramecia with the solution: 
cathodal galvanotropism, but they swim backwards to anode. 1 min. 15 secs, after 
mixing: cathodal galvanotropism, they swim forwards, fairly normal. 

124 °/, m/10 CaCl, + 874°), m/10 KCl. 15 secs. to 1 min. after mixing: no galvanotropism, 
motor reflexes too strong. 1 min. 30 secs, to 3 mins. after mixing: cathodal galvano- 
tropism, slow and halting, complicated by constant motor reflexes. 

6} °/, m/10 CaCl, + 933°), m/10 KCl. Similar to above. At first they all swim backwards — 
irregularly. Then there is cathodal galvanotropism, which is slow and halting, but 
which gradually becomes stronger. 

34 m/10 CaCl, +96; °/, m/10 KCl. Similar to above. 

m/10 CaCl, + 98,%, °/, m/10 KCl. Similar to above. 

#5 m/10 CaCl, +99,%, °/, m/10 KCl. Similar to above. 

#4 Jo m/10 CaCl, +9992 °/, m/10 KCl. Similar to above. 

m/10 CaCl, + 99383 m/10 KCl. Similar to above, but the cathodal galvanotropism 
never gets to be really good. 

CaCl, + 99324 m/10 KCl. 15 secs. to 4 mins. after mixing: anodal galvano- 
tropism, good and distinct. 4 mins. after mixing: anodal galvanotropism begins to 
get indistinct, and after that no galvanotropism. 

m/10 CaCl, °/, m/10 KCl. Anodal galvanotropism good, 

m/10 CaCl, + 99,492, °/, KCl, Anodal galvanotropiam not so good as above, 
more absence of galvanotropism. 

atic °/, m/10 CaCl, + 999323 °/, m/10 KCl. Absence of galvanotropism predominates, but . 
there is a slight anodal galvanotropism. 

CaCl, + 994854 °/, m/10 KCl. Absence of galvanotropism predominates 
greatly, but there is still some slight anodal galvanotropism, 

m/10 KCl. Complete absence of galvanotropism, no anodal galvanotropism. 


This experiment shows us that in a mixture of m/10 CaCl, and 
m/10 KCl the CaCl, had to be diluted to m/81920 before the effect of 
the pure m/10 KCl became the \predominant one, and even at the 
concentration m/163840 the CaCl, still had a noticeable effect on the 
result produced by the KCl. At the lowest concentration of CaCl, used 
the ratios of the molecular concentrations was eas 
thus seen that a very small amount of CaCl, may have a comparatively 
great influence in antagonizing the effect of the KCl. 

But still more important than these results is the fact that as the 


It is 


proportion of the CaCl, in the mixture is reduced, we have not one 


change, but a whole series of changes in the galvanotropism manifesting 
itself. Another simpler experiment will serve sais to illustrate these 


changes. 
30—2 
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Effects of mixtures of m/10 KCl +m/10 CaCl,. 
Pure m/10 KCl. No galvanotropism. 


100.¢.c, m/10 KCl + 0-1 c.c. (14 drops) m/10 CaCl,. Universal anodal galvanotropism. 

100 0.c. m/10 KC1+1 ¢.c. m/10 CaCl,. Cathodal galvanotropism, slow and halting, com- 
plicated with motor reactions. 

50 ¢.¢. m/10 KCl + 50 m/10 CaCl,. Cathodal galvanotropism, fairly normal. 


This complicated effect of CaCl, clears up many problems suet 
obscure, and will be treated under four heads. 


(1) Calciwm and the Absence of en The absence of 
galvanotropism is not caused solely by reducing the amount of calcium 
in the surrounding fluid, for after washing in distilled water (even after 
centrifuging 7 times in water twice distilled from glass) the paramecia 
always migrated to the cathode in the usual way. But the absence of 
galvanotropism was always obtained when the ratio Fn was as small as 
possible. Here S indicates any salt, or salts producing an absence of 
 galvanotropism or anodal galvanotropism. It seems probable that these 
salts have the power of substituting their cations for the calcium of the 
ion-proteid compounds, and thus really are effective because they 
diminish the available calcium. This explains why the calcium 
precipitants produce an absence of galvanotropism at a lower. concentra- 
tion than salts like KCl and NaCl. It also explains why the calcium 
precipitants can prevent the galvanotropism of even culture fluid 
paramecia, which contain considerable quantities of calcium, while KC! 
and NaCl will prevent it as a rule only in paramecia that have been 
washed two or three times, It also explains the variability of the 
results with the same salt (for no two washings can get rid of exactly 
the same proportion of calcium), and the fact that the more the 
paramecia are washed the weaker is the minimum solution that prevents 
galvanotropism. Thus I think it may be safely concluded that an 


absence of galvanotropism is produced when the ratio ze is 
smallest. 

(2) Calcium and Anodal Galvanotropism. When the ratio 

8 

becomes slightly greater anodal galvanotropism is produced. 

This has been proved as described by the direct addition of minute 

quantities of CaCl, to KCl; and similar results have been obtained by 

adding CaCl, to Na, citrate and even to K, oxalate. This fact easily 

explains why the same salts produce an absence of galvanotropism 
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in their more concentrated, and anodal galvanotropism in their less 
concentrated solutions. It also explains why the anodal galvanotropism 
so frequently changes to an absence of galvanotropism after a little time, 
__ for the calcium is continuously being replaced by the other metals and 
the ratio is continually being reduced. 


(3) Calcium and Cathodal Galvanotropism. A still further 
increase of the ratio a produces cathodal galvanotropism, 
8 


This has been proved by directly adding CaCl, to solutions of BaCl,, 
KCl, NaCl, and Na, citrate. The least amount of CaCl, which would 
produce the cathodul galvanotropism was found to be as follows: 


Minimum concentrations of CaCl, to produce cathodal galvanotropism. 


“Ge 


1 drop m/160 CaCl, +80 c.c. m/160 BaCl, 1/1066 
Ip CaCl, + 99423 %/, m/10 KCl 1/511 
CaCl, + 99324 °%/, m/10 NaCl 1/1028 
124°, m/10 CaCl, +874 °/, m/10 Na, citrate 1/8 


This role of calcium explains why cathodal galvanotropism is 
ordinarily obtained with culture fluid paramecia in most solutions ; for 
the calcium present in the drop of culture fluid added is enough to 
prevent the usual action of most solutions. It explains why cathodal 
galvanotropism is obtained with all solutions if sufficiently dilute. For, 
on account of the extreme difficulty in washing the salts out of some 
proteids, and the failure of the attempts to wash them out of others we 
have no reason to suppose that even repeated washings will remove all 
the calcium from the paramecia. And as the solutions are made more 
and more dilute a point must be reached at which the effect of the salts 
will be counteracted by the small amount of calcium present in the 
animal. At this point they will show cathodal galvanotropism just as 
they do in distilled water. It also explains why with the most toxic 
substances only cathodal galvanotropism can be obtained, for if made 
dilute enough so that they do not kill they are too dilute to counteract 
the effect of the calcium present within the animal. 


(4) Calcium and the Backward Swimming to the Anode. I will not 
attempt to name the different variations of cathodal galvanotropism as 


the ratio eZ changes; but this much was very clear. With mixtures 
of m/10 KCl+m/10 CaCl, and m/10 NaCl+m/10 CaCl, a certain 
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value of the ratio was found at which the backward swimming to the 
anode was pronounced while this feature of cathodal galvanotropism 
became less distinct as the ratio was changed in either direction from 
this value. This backward swimming has been interpreted in a 
previous paper (1905) as a summation of galvanic and chemical 
stimulation and it is very interesting to note that there were also 
certain values of the ratio at which the chemical stimulation was very 
intense. Furthermore the various portions of the motor reflex 
mechanism was affected differently depending upon the amount of © 
CaCl, present. At one concentration. the animals swam violently back- 
wards, at another they turned, violently, and corresponding to these 
differences the cathodal galvanotropism was backwards to the anode, or 
_ slow and halting with wide spirals and constant turning of the 
infusoria, 

Coehn and Barratt (1905, p. 8) in connection with their theory of 
galvanotropism have supposed that this backward swimming to the 
cathode must depend only upon the osmotic pressure, and not upon the 
chemical nature of the solution. I have already (1906) mentioned 
many facts that speak against this theory, and here again we have 
contrary evidence. For in the various mixtures of m/10 NaCl +m/10 
CaCl, we have solutions differing but little in osmotic pressure which 
have very different effects on the backward swimming to the anode. 


THEORETICAL. 
It has been shown that by varying the value of the ratio a in the 


surrounding fluid an absence of galvanotropism, anodal galvanotropism 
and cathodal galvanotropism are produced. It has also been shown that 
in the case of the anodal galvanotropism there is an actual reversal of 
Pfliiger’s law, the stimulation taking place at the anode instead of at 
the cathode as is usual. In this section I will attempt to show that all 
of these different effects can be easily explained by assuming that the 
galvanic stimulation depends upon the presence, within the part of the 


paramecium stimulated, of one, and only one, value for the ratio Coa 


This explanation is based upon the theory of Loeb (1905, p. 15) for 
the electrotonic effects of the galvanic current mentioned in the 
introduction. He states in brief that “It seems therefore as if the 
electrotonic effects of the galvanic current might be due to the 
comparative increase in the Ca precipitants at the cathode and the 
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comparative increase of the Ca solvents at the anode.” In the case of 
the galvanotropism of paramecium we are dealing not with a condition 
of increased or decreased excitability, as in the nerve, but with the 
presence or absence of galvanic stimulation. But it is still possible to 
explain the facts of galvanic stimulation in paramecium by supposing 
that: Galvanic stimulation in paramecium is produced by a relative 
decrease (or increase) of the Ca ions (in comparison with the other free 
cations) to a certain definite point; and that if the decrease (or 
increase) proceeds beyond that point then we have again an absence of 
stimulation. In other words: Galvanic stimulation depends upon 
the production within that part of the paramecium stimulated, 


of a certain definite value for the ratio —%. If this ratio | 

becomes either greater or less there is no stimulation. In view 

of the fact that in solutions where the value of the ratio oa is least. 
8 


there is no galvanotropism, this assumption is a very natural one. 
Let us see how this theory fits the facts : 
During cathodal galvanotropism the Ca ions will be diminished at 
the cathode by the increase of the oleate and other slowly moving 


organic anions until the stimulating value of the ratio C. is reached. 


At the anode the concentration of the Ca ions will be increased, and 
thus there will be. no stimulation there. If the surrounding fluid 
contains very many Ca ions the maximum stimulating value for the 
ratio may not be quite reached, and the galvanotropism should become 
less distinct. It has already been shown that this is actually what 
happens in m/10 CaCl, and mixtures containing much CaCl,. 


To produce anodal galvanotropism the ratio a must have been 


very much reduced. We must suppose that it has been reduced below 
the stimulating value. If this is true then there will be an increase of 
the Ca ions at the anode until the stimulating value of the ratio is 
reached at this pole, and the stimulation will take place at the anode, 
as actually occurs. At the cathode there will be a still further decrease 
in the Ca ions, and therefore no stimulation. 

To produce an absence of galvanotropism we must suppose the ratio 
a has been so greatly reduced that even by means of the increase of 
the Ca ions at the anode the stimulating value for the ratio cannot be 

reached, and thus there is no stimulation. 
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SUMMARY. 


1. Paramecia may be made to swim forwards towards the anode if 
they are washed in distilled water, and then subjected to weak solutions 
of many salts. 


2. - Such anodally galvanotropic paramecia have the cilia at their 


anodal ends beating more strongly forwards, and are oriented by this 
means. | 


$. ‘This proves that the pole at which galvanic stimulation occurs 
has been reversed, and is now the anode. 


4. Complete absence of galvanotropism in paramecium is caused 
best by salts tending to diminish the concentration of free calcium 
ions. | 


5. CaCl, in sufficient quantities will prevent both anodal galvano- 
tropism and absence of galvanotropism. 


6. The character of the galvanotropism depends upon the relative 
amounts of free calcium ions present, as follows: 


(a) Absence of galvanotropism when the relative concentration 
of free calcium ions is least. 
(b) Anodal galvanotropism when the relative concentration of 
free calcium ions is but very little greater. 
(c) Normal cathodal galvanotropism when the relative concen- 
tration of free calcium ions is considerably greater. 
. (d) Indistinct cathodal galvanotropism when the free calcium 


ions predominate considerably. 


7. These four responses to the galvanic current, together with 
many of their variations, may be easily explained on the basis of the 
theory of Loeb, that the electrotonic effect of the galvanic current 
consists in a relative decrease of the concentration of the free calcium — 
ions at the cathode, and in their increase at the anode; by assuming» 
that galvanic stimulation depends upon the presence of some particular 
relative concentration of the free calcium ions, and cannot take place 
when this concentration is either greater or less. 
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ON THE PHOSPHORUS AND CALCIUM OF HUMAN. 


MILK'. By ALFRED W.SIKES, MD., DSc. (Lond.), F-R.CS. 
_ (Five Figures in ‘the Text) 
PHosPHORUS. 


: In the following work the deductions are made from about three hundred 
estimations of P.O, in human milk. The method used was founded on 


that described by Neumann®. This was modified by Plimmer™, — 
who has kindly given me the details of the technical parts of his 


method. I found that when working with human milk I had to 


modify the process on account of the difficulty in oxidising the fat. I 


have boiled milk for as long as three hours with the acid mixture 
_ recommended by Neumann, without being able completely to get rid 
of the fat, which floats on the surface. The addition of a small 
quantity of alkali, and evaporating down before the acid is added, as 
also suggested by Neumann, will not get over the difficulty. With 
cows’ milk I have found it qui 
acid mixture, but with human milk the slight scum interferes with the 
filtration of the phospho-molybdate, clogging the pores of the filter 
paper ; and even though ether will remove this scum without dissolving 
any of the precipitate, the method still remains unsatisfactory. 

The only way in which I could get a good working method was to 


and then to estimate the P,O,. 


The non-proteid P.O, was estimated in the ok of the filtrate from 
the tannic-mixture precipitate. 

This method, although more laborious than that cocunnanded by 
Neumann, gives a perfectly clear solution of salts from which the 
phospho-molybdate can be separated with accuracy. 

Method. The milk is collected in dry breast exhausters: about 
10 c.c. weighed out for the estimation of the total P,O, and 15 to 20c.c. 
for the non-proteid P,O,. For the former, the milk is evaporated in a 
platinum capsule, then burnt till the ash is white, and the PO, 


* This Paper is in substance part of a Thesis approved for the degree of Doctor of — 


Science in the University of London. 


to oxidise the fat with the 
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incinerating the filtrate, as even when only the above quantity is taken, 
_ there are, at times difficulties at this stage, as the residue tends to 
- rise in the capsule. The tannic mixture used was that employed by 


. being very carefully washed out), and put into a 500 cc. long necked 


that the phosphorus is converted ihtg™he fully oxidised state. 30 c.c: 


water to make up the total bulk to about 150.cc. It is then heated in 


to subside. The supernatant liquid is now decanted and filtered 


Plimmer™, but with those I had made I found it difficult to fit the 


| satisfactory. 


HUMAN MILK. 465 


estimated as deseatbed below. For the latter the milk after weighing is 

diluted with distilled water to about 80 c.c. in a 100 c.c. glass cylinder, | 
and then a quantity of the tannic solution eqial te that of the milk 
taken is added. This is quite sufficient to precipitate all the proteid ; 
if too much be added, there is greater difficulty in evaporating and 


Hedin”, by Cathcart and also by Plimmer™: it has the —" 


Tannicacid 50 parts 
Sodium acetate ... 
Sodiumechloride .. ... 875 ,, 
Glacial acetic acid ... 
Distilled water to . 1000 ,, 


After the precipitant is added ei milk j is hited to ae over night ; 
then it is filtered on a pressure filter, and washed with cold distilled 
water. ‘The filtrate and the washings are evaporated to dryness and 
incinerated. 

- The ash in each case is taken up with dilnte njtéts acid (the capsule 


round bottomed Jena flask, and about 15v.c. more nitric acid added. 
A few c.c. of sulphuric acid ate also added and mixture boiled to ensure 


of a 50°/, solution of ammionium nitrate is now added, and enough 


boiling water, about 30c.c, of a 10°/, solution of ammonium molybdate. 
added, the whole well shaken for a minute, and set aside for about 
fifteen minutes, to allow the solution to cool and the yellow precipitate 


through a 575 Schleicher filter paper, of 4 c.mm. diameter, on a 
pressure filter, the receiver of which holds about three litres. The 
precipitate in the flask is washed by decantation with cold distilled 
water, care being taken to wash the neck and sides of the flask 
thoroughly. The washings are filtered, and the process repeated until 
every trace of acid has bees removed. | 
The filtration and the washing of the precipitate only takes a few 
minutes, I have tested the platinum filters recommended by 


filter papers; whereas the sie I used, as described _— was very. - 
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- The filter paper is now carefully removed and put into the flask in 
which the bulk of the precipitate has been retained, an excess of /10 
soda is added, the whole boiled to remove the ammonia, cooled, a drop of 
phenol-phthalein solution added, and the excess of soda titrated with 
n{10 ‘sulphuric acid. Working with the small quantities which were 
alone available for these experiments, I found that it was more accurate 
to use the decinormal solutions. 
The reaction as given by Neumann® is as follows: 
2 (NH,),PO, . 24MoO, . 4HNO, + 56Na0H = 
24Na,Mo0, + 4NaNO, + 2Na,HPO, + 32H,0 + 6NH;. 

The process was tested by using known small quantities of phosphate, in four successive 

experiments the results obtained were as follows: 


amount of of the solution =8°00 milligrams. 
10c.c. 811 
2. «797 
8. 7°86 
4, ” 7°94 Mean =7°97 mgms. 
0-03 mgm. 


On the one occasion in the table given at the end of the paper 
(No. 10) where a duplicate analysis was made, the following numbers 
were obtained for 10 grams of milk :— : 


1, 414 milligrams 
2. 417 » 


The weights of the milk taken were 11°633 and 109545 grams 
respectively. 

The only time when two analyses of a sample of cow’s milk were 
made, of the two small equal portions, each required the same amount 
(6°5c.c.), of decinormal soda. 

The P.O, is estimated by multiplying the number of cc. of deci- — 
normal soda required by 0°2536, which gives the P,O, in milligrams. 
The proteid P.O, is obtained by deducting the non-proteid P.O, from 
the total. 
| A detailed table of the general reunite is appended to this paper, in 

this list, with the exception of Nos. 11, 56 and 59, no two specimens 
are taken from the same patient on the same day. 
I found in these numbers a variation in the ratio of the proteid 
P.O, to the total P,O,, of from 14°7*/, to 77°/,, the average being 42°3°/, 
for all cases, for Primipara it came out as 44°6°/, and for Multipara 
38°8"/,.. With the regard to the total P,O, it is smaller than that given 
by previous writers. Bunge® mentions that in a couple of specimens 
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the figures were 0°04726°/, and 0°04685°/,. It is possible that a higher 
average may be obtained later in lactation, as all the analyses in the 
appended table were from samples taken during the first three weeks 
after delivery. It will be seen that the total P.O, varies between 
0:0140 and 0:0522°/,, but that the mean of the whole number of 
estimations is 0°0297°/,. The non-proteid P,O, averages 0°0169°/, and 
the proteid P,O, 0°0124°/,’. 

The non-proteid P,O,. The filtrate from the tannic is free from 
proteid, but the question arises whether it may not contain Siegfried’s 
“ phospho-carnic acid.” As this substance is not precipitated by lead 
acetate and will give many of the proteid tests, I precipitated the 
tannic acid from the filtrate with the reagent mentioned, and obtained 
a perfectly clear filtrate, which gave no proteid reaction. 

Wittmaack” prepared the so-called phospho-carnic acid from milk 
by adding hydrochloric acid and heating to 50° C.; but I know from 
experience that it is impossible to separate the proteid from milk in 
this way, and the warming would undoubtedly hydrolyse some of the 
proteid. He states that 0°0124°/, of P.O, in human milk is contained 
in phospho-carnic acid, but this is exactly the number which I obtained 
as the average percentage of P,O, in the whole proteid precipitate, 

It seems to me extremely unlikely that human milk naturally 
contains phospho-carnic acid. I find that Raudnitz in criticising 
the literature on this body, states that it is very probably a substance 
which is split off from the phosphor-containing albumins by the 
reagents employed for its supposed separation, and that so long as it has 
not been proved to be present in the dialysate from the albumins of 
milk, actual proof of its pre-existence is wanting. 

Plimmer and Bayliss™ found that when caseinogen was 
decomposed with trypsin, the P.O, was present in the filtrate from the 
tannic mixture both as inorganic P,O, and as some organic compound. 
In this paper experiments are made with fresh milk, which contains 
no peptone, so the case is different, but I hope at some future time | 
to investigate the filtrate from the tannic mixture so as to find out how 
much of the phosphate is present in the inorganic form. 

The proteid P,O,. If one assumes that the average amount of 
proteid in human milk is 2°/,, the average percentage of P.O, in it only 
amounts to 0°62, but it varies between 0°45 and 1°3. This variation may 
be due, of course, not to a greater or smaller percentage of P,O, but to 
a smaller or larger amount of proteid than 2°/, in the specimen. 


1 See note, page 469. 
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Baginsky” found that 0-:012°/, of P,O, was contained’ in the 
proteid of human milk, and this is practically the same percentage as 
that which I have found; but he takes 0°047°/, for the total P,O,. 


‘Taste 1. Primipara. Percentage of P,0,. 

Day Non-proteid Proteid Total 
8rd 0-0108 °/, 0-0122 °/, 0-0282 
4th 0°0100 00113 0°0218 
5th 0-0120 0-0236 
6th 0°0167 0°0135 0°0302 
7th 0-0192 00146 0°0338 
8th 0-0193 0°0132 0°0325 
9th 00262 0°0154 0°0397 
10th 0°0196 0-0131 0°0327 
11th 0°0247 0°0112 0°0369 
12th 00204 0°0149 0°0353 
13th 00123 0°0129 0°0252 
Sra 4th 6th 6th 7th 8th Sth 10th llth 12th days 

0.0620 

0.0400 


0.0880 
0.0860 
0.0340 
0.0820 
0.0300 
0.0280 
0.0260 

0.0240 


0.0220 


Total Pe 05 
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2. Multipara, Percentage of P,Os. 


Day Non-proteid Proteid | Total 
8rd 0°0093 °/, 0°0114 0-0207 °/, 
4th 00150 00119 00271 
Sth 00218 0-0113 0°0325 
7th 00316 0°0104 0-0420 
9th 0-0225 00115 0°0340 
10th 0-0188 00111 0°0298 
llth 00150 0-0102 0-0252 
12th 0-0284 00097 0-03801 
18th 00134 0-0128 0°0257 
Sth Oth Mth Sth Sth 10th 11th 12th 18th days. 
0.0620 
0.0400 
0.0380 
0.0860 
0.0840 
0.0320 
0.0300 
0.0260 
0.0260 Total P20; 
0.0240 
0.02820 
0.0200 
0.0180 
0.0160 
0.0140 
q Non-proteid P20; 
0.0220 » Proteid 
0.0200 
Fig. 2. Multipara. 


1 Note,—It will be seen in the above tables that sometimes the figures of the first two 
columns do not add up to form the third. This is due to the total P,O, having been alone 
- estimated in some specimens, as is seen in the table at the end of the paper. 
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Variations according to the day after delivery on which the milk was 
collected. If the analyses are arranged under the headings of 
Primipara and Multipara and according to the days after delivery, the 
results can be combined as shown in Tables 1 and 2, and in Figs, 1: 
and 2, where they are seen as curves, 

A study of the above figures brings out the following generalisa- 
tions :— 

1, The curve showing the percentage of the total P,O, rises to a 
maximum on the 9th day in Fig. 1 and on the 7th day in Fig. 2. 

2. The curve of the percentage of the non-proteid constituent 
- closely follows this curve. 

3. That of the “ proteid” P.O, remains low and uniform through- 
out, and this is more obvious in Fig, 2 than in Fig. 1. 

‘If the total number of analyses from Primipara and from Multipara 
are considered, the following average percentages of P,O, are obtained :— 


Non-proteid  _—~Proteid P,0, Total 
Primipara 0°0160 °/, 00129 °/, 0°-0297 °/, 
Multipara 00183 00116 00296 


It will be seen that the total P,O, is practically the same in each, but 


Sra 4th Sth 6th 7th Sth Oth 10th 12th 13th 14th 15th 17th 
0.0820 days. 


0.0800 

0.0880 
0860 

0.0240 


Fig. 3 is an example of a case (No, 7) where the milk from one patient was examined on 
and the total curve being similar. 
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that the proteid constituent is higher in Primipara than in Multipara, 
while the converse is the case with regard to the non-proteid constituent. 

A chart made up for the different ages on the different days, shows 
~ in addition to what has been already mentioned, that for any one age 
the percentage of P,O, in the specimens taken from Primipara vary 
- more from day to day than those taken from Multipara. Some writers 
(L’Heritier-” etc.) have stated that there is a difference between the 
milk from women of fair and dark complexion: I found, however, 
calculating from 100 specimens, where 62 were from dark and 38 from 
fair women, that there was practically no difference, the averages of the 
total P,O, being :—Dark 0:0292 °/,, Fair 00291 °/,. 

Instances of successive examinations of the milk from the same case. 
In the table at the end of the paper all the cases are given which were 
examined on two or more days. It will be seen that the points 
mentioned are usually illustrated, although there are exceptions. They 


Brad 4th Sth 6th 7th Sth 9th 10th Lith 12th 13th 16th 16th 


(A) B. 
0.03402 


0.0320 
0.0300 
0.0280 
0.0260 


0.0240 
Total P9205 


0.0220 
Non-proteid 
0.0200 
0.0180 
0.0160 


0.0140 


Proteid P,0; 


0.0220 Proteid P20; 


0.0100 Bon-proteid P20; 


, 


Fig. 4. 


Fig. 4.4 (Ko. 10) is « case in the earlier and B (No. 56) in the later days of the first fort- 


night; in the first the curve is rising, ee ee 
the total curves are similar. : 
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show a tendency for the total P,O, to increase up to the 7th or 9th 
day, and that this is usually due to an increase in the non-proteid 
constituent. In many it will be seen how constant one or other con- 
stituent of the total P,O, remains, although the latter varies. It is 
interesting to note that Trunz™, in estimating the milk from two 
cows found that the phosphorus increased in amount for some time 
after lactation. 

In three cases Nos. 27, 67, and 72 the milk from each breast was 
examined. In one case the total P,O, and each of its constituents was 
exactly the same, in the others there was a difference, and in each of 
these one notes it was chiefly due to the proteid P,O, 

Many observers have stated that there is a difference in the milk 
from the two sides, for instance Zappert and Jolles™ in 1904, found 
in a few cases they examined that it amounted to as much as 0°4°/, of 
albumin and 0°6°/, of fat. It is very probable, however, that if cases 
could be examined where it was ascertained that the child had been 
suckled equally at each breast, and from women giving a _ supply 
of milk, that the difference would be very small. 7 | 


CALCIUM. 


That calcium is an important constituent of milk has been evident 
for many years. That it is essential as a food stuff for the growing ~ 
infant is fully realised, but I cannot find in the literature any sets of 
analyses in which the amount of calcium has been thoroughly investi- 
gated in a full series of cases. 

Bunge® estimated the proportion of calcium in human milk as 
* between 0°030 and 0°035°/, and Camerer and Soldner® found 
00271 °/,. 

Method. The milk is collected in dry breast exhausters, and a 
weighed quantity, about ten grammes, evaporated to dryness in a 
platinum capsule. It is then incinerated, care being taken that the 
heat is not too great at first, as there may be some spitting of the fat 
as it burns off. The white ash is then dissolved in dilute hydrochloric 
acid (20 c.c. of 1 in 20 acid, in three portions, being used), and put into 
the receiver of a centrifuge, the capsule being washed out with some 
distilled water. The dissolved salts are then heated in a water bath 

nearly to. boiling, and 2 c.c, of a saturated solution of ammonium oxalate 
added ; it is allowed. to cool and dilute ammonia added till it is just 
— I find that phenol-phthalein in very minute —* is the 
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best indicator to use. Enough 10°/, acetic acid is next added to make 
the solution distinctly acid, when it is heated nearly to boiling in the — 
water bath, and then centrifuged till the supernatant fluid is-clear. This 
is decanted, and the precipitate twice washed with hot distilled water 
in the same way, 8c.c. of 1 in 8 sulphuric acid are now added, the 
solution heated to 50° C. and titrated with a solution of permanganate 
of potash of which 1 c.c. is equivalent to 0.0001 gram of calcium. 
To-test the above process I used the following solution of salts 
which are approximately the same as occur in human milk :— 


%, 
Na,O 0-024 ,, 
Ol 0-044 ,, 
P,0, 0-040 

_ Mgo 


These were dissolved in water, a little more phosphoric acid being 
added to render the mixture clear. : 

At first I tried filtering the precipitate on a hardened filter paper 
and washing with boiling water till the filtrate was chlorine free; the . 
paper was then perforated and the calcium oxalate washed into a 
300 c.c. flask, dilute sulphuric acid being then used to decompose the 
oxalate of calcium and to wash the beaker and the filter paper. I 
found, however, that the results were better and more uniform when 
the centrifugal method mentioned was used. When employing this, 
the whole process is done in the same tube, there is no changing from 
beaker to filter paper, and then to flask, and there is no difficulty with 
regard to the tendency of the calcium oxalate to stick to the glass. I 
find also, that even when the precipitate on the filter paper is washed 
until the filtrate is chlorine free, the solution in the flask may contain 
traces of chlorine, showing how difficult it is to wash on the paper; but 
when the precipitate is washed by centrifuging there are no traces of 
chlorine present. Again in the method recommended, the amount of 
fluid employed for titration is much smaller, and it is therefore easier to 
_ get the end point with the very dilute solution of permanganate it is 
necessary to use. , 

In the following seven successive pi slealaia the amount of the 
solution used was 6 c.c. 
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_ Caloulated amount of Os in the 6 c.c. | =0°00142 gr. 
0°00145 gr. 
000148 ,, 
000145 
000145 ,, 

000145: ,, 
000148 _,, Mean =0-00146 gr. 


000004 gr. 


When working with these dilute strengths of permanganate, account 
must be taken of the fact that a couple or more drops of the solution 
are decolorised by the acid solution alone. I found in the case of the 
solution I employed that it amounted to 0°2 c.c., which had to be deducted 
from the total permanganate used. Another point of importance is that 
the dilute oxalic acid, used to titrate back any slight excess of 
permanganate, is liable to diminish in strength if kept for any length of 
time, even for a week or two. 

The general table at the end of the paper gives the amount of 
calcium found in the different specimens, and from it the following 
averages are compiled :— : 


Average of Calcium = 00301 
in 45 analyses. 

Average for 33 Primip. = 00300°/, 

Average for 12 Multip,. = 0°0306%/, 


In 24 specimens in addition to the calcium, the non-proteid and 
total P,O, were estimated. The following chart gives the curves of the 
percentages in these specimens arranged according to the days after 
confinement on which the milk was collected. There appears to be an 
indefinite inverse relationship between the calcium curve on the ‘one 
hand, and the curves of the total and non-proteid P,O, on the other. 
This can also be seen if the curves be planned for the individual cases. 
It will be noted that there is a tendency to an increase of calcium on 
the 11th and 12th days after delivery. Trunz™ when analysing the 
milk from two cows, found that the calcium slowly increased up to the 
third month, and the increase was due almost entirely to the casein 
calcium: the non-casein calcium altered very little. 


The following are the results of the analyses of the specimens 
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Day Calcium Non-proteid P,0; Proteid PO; Total 


4th 0-0298 °/, 0-0181 %/, 0-0109 0-0240 
5th 0-0810 0-0104 0-0122 0-0226 
6th 00814 00145 00149 0-0298 
7th 0-0308 00280 0-0092 00872 
10th 00808 00202 00110 00312 
llth 0-0860 0-0168 00109 0-0272 
12th 0-0389 00251 00113 0-0365 
18th 00269 00146 00187 00288 


Sra 4th: Sth 6th 7th eth 9th 10th 11th 12th 13th deye. 


,.0360% 
0.0340% 
0 ,.0320% 
0.03004 


0280% Total 


Calcium 
0 .0240% 
é 
0 .0200% 
0 .0180% 
0.01606 Non-proteid Po, 
0.0140% 


0,0100% 


Proteid PO, 


Fig. 6. Relation of the Caloium to the Total, Non-proteid and Proteid P.O, 
in 24 specimens where all four were estimated. 


_ In the next table some cases are given where the total calcium and 
_ the calcium in the proteid were estimated, and the difference between 
these gives the non-proteid calcium. The proteid was estimated by the 
method given in the paper “On the Estimation of Proteid in Human 
- Milk.” The proteid is first weighed, the capsule is next heated till the 
ash is white, and the calcium is then estimated in the usual manner. 
For reasons given in the above paper, the calcium alacant as a simple 
salt is not precipitated during the process. 
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Table showing the percentage of Non-proteid, Proteid and Total Calcium. 


Primip. Day Ni Relation of 

P. 4 00085 0-0198 00228 84°6 
P. 5 0-0141 00281 00422 66°6 
M. 7 0-0011 00297 00808 96°4 
6. 26 0-0089 00221 00260 85-0 
1. P. 00014 0-0255 0°0269 94°8 
8 P. 5 0-0018 0-0113 00126 89°7 
9 2 P. 4 . 00027 0-0811 0°0388 92-0 
10. 2 P. — . 00078 00305 0°0378 80°7 
P. 11 00062 00295 0°0357 82°6 
18. 20 5 00068 00257 00820 80-0 


Averages = 0-0048 0-0253 00801 84:1, 


The chief result obtained is that nearly all the calcium is combined 
with the proteid. The relation of the proteid Ca to the total Ca does 
not vary much, the average being 84°] per cent. Soldner, quoted by 
Raudnitz™, however, states that the amount of the calcium combined 
with the casein is about 50°/, of the total in human milk; but finds 
in cows’ milk a smaller relative amount. 

From the large number of analyses of phosphorus, it is seen that the 
average amount of P,O, in the proteid is 0:0124°/,; while in the cases 
given in the above table the average amount of calcium in the 
proteid is 0:0253°/,. The ratio of the calcium atoms to the phosphorus © 
atoms is therefore much higher than in the most fully saturated 
phosphate, Ca,(PO,),. 

As previously mentioned, there is often an inverse relation of the 
calcium to the P,O, in different cases, where the one is high, the other 
is low, and conversely. These considerations confirm the view that 
these two elements are probably independently combined with the 
proteid, 

Courant” brought forward evidence to show that caseinogen acts 
as a weak acid, and can form three different combinations with calcium, 
_ which he calls mono- di- and tri- calcium casein, moreover that the casein 
can form a combination with di-sodium phosphate, but not with the 
mono-sodium salt. Osborne® also finds that caseinogen forms a 
combination with calciam and that the aster can be easily —" 
by alkali, 

Soldner™ also made out that there were two calcium wields. 
of caseinogen, one containing: 1‘55 and the other 2'36°/, of calcium, but 
the latter of these cannot be present in milk since its percentage is 
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much higher than the amount of the calcium in combination with the 
proteid in the above table, where most of the element is seen to be in 
the proteid, and where the proportion in different cases does not vary 
much, and yet the average is only 1°06 °/,. 

In $2 specimens of milk, of which 22 were from women of dark and 
10 from women of fair complexion, the average amounts of calcium 
were 00309 and 0:0266°/, respectively. 


SUMMARY AND CONCLUSIONS. 


Phosphorus. 

1. The average amount of P,O, in human milk during the first 
fortnight after the commencement of lactation is 0°0297°/,, varying : 
between 0°0140 and 0°0522°/,. 

2. The percentage of the non-proteid P,O, averages ,0:0169 and of 
the proteid P,O, 00124 for the total number of cases. For Primipara 
and for Multipara the numbers are 00160 and 0°0129 and 00183 and 
0°0116 respectively. 

3. The ratio of the proteid P,O, to the total P,O, averages 
42°3°/,, but it varies between 14°7°/, and 77°/,. In Primipara the 
average is 44°6°/, and in Multipara 38°8 °/,. | 

4. The chart for Primipara shows that the total amount P.O, 
increases, up to the ninth day, while that for Multipara shows a 
maximum a little earlier. After this in = the P,O, falls to a lower 
level. 

5. The variations mentioned are chiefly due to the non-proteid P,O;. 

6. The proteid P,O, does not vary much in successive days. This 
uniformity is rather more noticeable in Multipara than in Primipara, 

7. If one assumes that the average amount of proteid in human 
milk is 2°/,, the numbers mentioned will give the average amount of 
P.O, in it as 0°62°/,. For Primipara the numbers will be 0°64 °/, and 
for Multipara 0°58 °/,. 

Calcium. 

1, The average amount of calcium in human milk in the first 
fortnight after delivery, is 0°0301 °/,. 

2. In Primipara the average is slightly lower than in Multipara. . 

8. The major part of the calcium is combined with the proteid. 
The ratio of the proteid calcium to the total calcium is, on an average, 
84 to 100, 
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4, The variation of the. calcium from the average stated are small. 
5. The curve giving the percentages on successive days after 
delivery is more uniform than the similar curve of the percentages 
of P,O, in the same specimens. 
6. When both the calcium and proteid were estimated in the same 
samples, the calcium was found to average 1:06 °/, of the total proteid. 


GENERAL TABLE. 


1. Primipara. 
of % of of 
L 19 12 0:0258 00111 0°0369 
18 00204 001382 0°0336 00310 
00186 00225 00411 00254 
4 0°0087 0:0098 0°0185 
6 00204 00138 00342 00346 
29 00044 00119 00168 
9 00481 0°0091 0°0522 
10 0:0088 00095 00178 
5 00088 00102 0-0190 _ 
00172 00117 0°0289 0°0336 
12 0°0166 0 00252 See Fig. 3. 
13 0°0087 0°0142 0°0229 0 
17 0°0077 00088 00165 00214 
8 18 12 00135 00319 00454 
9 2 8 0°0109 0°0129 00288 0°0291 
4 00093 0°0141 0°0234 
5 0°0142 0°0137 0°0279 0°0382 
10. 2 6 00218 0°0121 0°0884 — See Fig. 44. 
0°0417 
5 00190 00126 0:0316 
‘ 11} 00297 0°0154 0°0451 
12 00266 00146 00412 © 
10 0°0252 00142 00894 
12. 24 11 0°0234 0°0077 0°0811 
12 0°0196 0°0084 0°0280 
5&6 ~ 0°0409 00345 
4 0°0109 0 00188 00309 
14, 20 5 00092 00126 0°0218 0:0308 
6 001438 0°0091 0°0284 
22 5 0°0041 0°0099 00140 00222 
24 5 0°0058 00103 0°0161 0°0216 
18 9 0°0309 
23 18 0:0077 0°0113 00190 
22 6 0°0178 00168 0-0346 00335 
22 00184 0°0123 00307 
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after of non- of proteid % of of 
4 0-0057 0-0139 00196 0-0282 4 
22. 19: 8 0-0271 0-0098 0°0864 
| 98. 98 5 00086 0°0112 0°0198 7 
6 0-0052 00140 0-0192 0°0260 a 
26. 17 8 0°0128 0°0127 0-0250 
26. 20 6 0°0242 0°0156 0°0398 
0°0082 0-0154 0-0286 0°0250) left breasts. 
4 0-0083 0-0114 0°0197 | q 
28. 18 5 0-0064 0-0125 00189 0-0428 
| 11 0-0066 0°0148 0-0209 0-0398 
11 0°0304 0-0132 0°0436 
4 0°0125 0°0102 0°0227 
8 0°0212 0°0107 0°0819 0-0247 a 
4 0°0100 0-0128 00223 
9 0-0249 00178 0°0427 4 
8 00091 00110 00201 0-0262 3 
7 0°0207 0-0183 0°0340 
0-0081 0°0266 00847 
0°0097 0°0195 0-0292 4 
0°0254 00155 0-0409 
0-0260 00074 00384 0°0821 
0°0256 0°0150 0-0406 
0°0145 0-0106 0°0251 4 
0°0823 0-0092 0°0415 
| wom 0°0260 
9 0°0800 a 
2. Multipara, 
29 00214 00184 00348 00233 
29 0°0198 0°0095 0-0288 
88 0°0150 0-0089 0-0289 00800 
00145 0-0093 0-0238 4 
0°0139 0°0110 0-0249 
56. 88 00150 0°0102 0°0252 — } See Fig. 4B. 
0°0101 0°0127 0-0228 
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87 27 { 4 00136 00093 002290 = 
7 00388 0°0067 00455 00279 
58. 380 10 00286 0°0054 0°0840 00363 
59. 30 { 6 00226 0°0140 00866 00808, 
6&6 0°0245 00184 00879 0°0826 
60. 28 4. 0°0190 00108 0°0298 
61. 23 4 00208 0°0128 0°0336— 00800 
62. 30 12 0°0251 0°0108 0°0854 0°0342 . 
68. 26 10 0°0250 001381 00381 
ga. 386 { 5 00141 00112 0°0258 
9 00148 00149 00292 
65. 28 00339 00100 00489 
66. 22 8 001296 0-0098 00224 
| 0 00091 00828 0°0841 | 
67.- 384 0°0128 00239 and 
| 0°0106 00102 00208 left breasts. 
68. 386 13 0°0189 0°0172 00811 
8 £10 0-0118 00165 00288 0°0242 
70. 22 8 00060 00131 00191 
71. 91 {33 .0°0213 0°0096 0°0809 
13 0°0218 00088 00301 
00106 0°0155 0°0261 and 
3. 24 4 0°0104 0°0117 00221 
5 0°0271 00068 00339. 
74. 80 00218 0°0131 00844 
75. 87 4 00156 0°0141° 0°0297 
76. 26 7 0°0245 0°0148 00388 
78. 41 5 00333 
79 21 7. one 00308 
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ON THE ESTIMATION OF PROTEID IN HUMAN MILK. © 
By ALFRED W. SIKES, M.D. DSc. (Lond), FRCS. 


THE estimation of the proteid is a much more difficult matter in 
human milk than it is in cows’ milk. The precipitate with all reagents 
being so much finer, it is exceedingly difficult to wash either by fil- 
tration, decantation, or by centrifuging. It has been suggested by 
Wroblewski™ that this is due to the presence of a substance of 
a proteid nature, which he calls “ Opalisin,” and which he regards as 
present in human milk in much larger quantity than in cows’ milk. 
In a short paper I published on this subject in 1904, it was doubtful 
whether the method employed might not also precipitate the salts with 
the proteid, but working with larger quantities of milk I have now 
been able to settle this point. 

It is of little use to elaborate a process for which large quantities of 
milk are necessary, since with most lying-in women the amount which 
can be drawn off at any one time is small and it may be necessary to 
estimate the fat, calcium, and phosphate, as well as the proteid ; so that 
any method which does not work with small quantities is of little 
service from a practical point of view. 

Many methods have been described for the estimation of the total 
proteids of milk. Lehmann and Hempel used porous plates, and, 
_ although it*is quite probable that good results can be obtained by this 
method, it is not suitable for the purpose ‘in view, and is of necessity 
very slow. Alcohol and lead acetate were used by Storch (quoted by 
Sebelien™), the weight of the proteid being obtained by deducting 
the weight of the lead-containing ash from that of the washed and 
dried compound of lead acetate and proteid: but even though the main 
mass of the proteid be first precipitated by alcohol, the amounts of 
acetic acid, carbon dioxide, and water in the precipitate are such 
uncertain quantities that it cannot be a very satisfactory method. 

Holt employed a formula made up from the quantity of the fat 
and from the specific gravity of the milk. Richmond® has more 
revently tried one founded on the same basis, and compared the results 
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with those obtained by using Ritthausen’s method on the same 
specimens ; but found that, although in many cases the figures agree 
well, the method was not of universal application. 

Bergmann and Winkel® used a method of titration with solution 
of iodine. The fat was removed by alkali, ether and methyl alcohol, 
and the excess of iodine titrated back with solution of thiosulphate of 
soda. On the whole the figures obtained agree fairly well with those 
calculated from the estimation of the nitrogen by Kjeldahl’s method. 
- Soldner and Camerer™ and others, have tried the process where the 
proteid is calculated by deduction of the other constituents from the 
total solids, and they allowed for the 0°05 °/, of citric acid which will be 
burnt off. Soldner, however, does not consider the method satisfactory, 
and, of course, it is a very lengthy affair, as all the other constituents of 
the milk must be very accurately estimated. 

Almen (quoted by Sebelien™), and later, Liborius (quoted by 
Sebelien™) were the first to use tannic acid as a precipitant; the 
latter found that there was a relation between the tannic acid and the 
proteid in the precipitate, the composition being about 40°/, of the 
former to 60°/, of the latter. This method will be referred to later, 
Biedert (quoted by Ritthausen”) and Girgensohn (quoted by 
Sebelien™) also used tannic acid mixtures. Tarascewitz (quoted 
by Sebelien™), extracted the tannic acid compound with petroleum 
ether and alcohol, and found that pure albumin was left behind, but, as — 
Sebelien pointed out, some of the proteid is dissolved in this way. 

Sebelien’s work shows that tannic mixtures will precipitate all the 
proteids in milk, that it is necessary to have salts such as sodium 
chloride in the mixture, and that the precipitate may be washed with 
cold water without dissolving any of the proteid, The nitrogen in the 
precipitate can then be estimated by Kjeldahl’s method, It is not 
necessary to remove the fat. His work agrees with that of others, who 
found that about 9°/, of the total nitrogen is not precipitated with the 
proteid, and this, it has been suggested, probably represents such 
substances as lecithin and hypoxanthin. 

A modification of the process suggested by Libetius has been 
tested by Sebelien™. Here the main portion of the proteid is 
precipitated by alcohol or acid, and the small remaining part by tannic 
acid, and if one now assumes that the tannin-proteid compound has the 
composition as suggested by Liborius above, the error in the estimation 
of the total proteid is found to be small, 

Ritthausen® describes a method in which copper sulphate and 
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alkali are used. As much of the latter as possible is added, without 
actually making the mixture of alkaline reaction. The precipitate is 
washed, dried, treated with ether to remove the fat, again dried, 
weighed and incinerated, and the weight of the ash deducted. 
Sebelien™, in commenting on this method, mentions that the water 
_ of hydration in the copper compound is an uncertain quantity, as the 
precipitate cannot be dried at any high temperature. He quotes 
Sternberg, who found that he got very fair results when the approxi- 
mate strength of the proteid solution was known, about the right 
quantity of copper and a calculated ‘amount of alkali added; but he 
found a difficulty in obtaining a constant weight on drying. Sebelien 
obtained better results when the nitrogen was estimated in the 
copper precipitate, and then it is not necessary to remove the fat. 
Richmond® in 1898 used Ritthausen’s method. He took about 
5 grams of milk for precipitation, washed in the capsule by decanta- 
tion etc., dried, extracted with ether, again dried, weighed and then 
incinerated: the weight of the capsule and ash deducted from the 
weight of the capsule and copper albuminate giving the amount of the 
proteid. 

Ritthausen’s method can be carried out easily with cows’ milk; but 
I have found with human milk the old difficulty in the manipulation of 
the finer precipitate. A further objection is that the washing of the 
precipitate and the extraction of the fat, take a considerable amount of 
time and is very expensive. Sebelien’s modification, although a good 
one for general use, also requires time for the washing of the 
tannic acid precipitate and for the estimation of the nitrogen in it. 
Sebelien™ and others suggest the estimation of the total nitrogen in 
the milk, allowing for the average amount of nitrogen (9°/,) which does 
not belong to the proteid. Soldner™, and Huebner (quoted by 
Soldner™), have also written on this method, and for approximate 
calculations it makes a rapid and a neeatietaate accurate process for use 
in lying-in hospitals. 

Trichloracetic acid when added as a 10°/, solution in equal volume 
to cows’ milk will give a precipitate which can be easily separated, but 
with human milk the precipitate is not so easy to filter or to centrifuge. — 
I have also tried phosphotungstic acid, both alone, and with alcohol to 
extract the fat, but as it will also precipitate hypoxanthin etc., it was 
of no use for the purpose in view. I have not found alum, either alone, 
or with other —— of any value as a — of the scutes of 
human milk. 


‘ 
a 
~ 
a 
‘ 
a 
d 
vg 
is 


484 


I have also tried if the proteid could be separated by means of a 
Berkefeld filter, as Harris ® succeeded in filtering off the proteid from 
cows’ milk in a similar way. Human milk diluted with three times its 
- volume of water, and filtered, partly by means of a filter pump, and 
_ partly by a hand pump, gave a filtrate which contained quite a notable 
quantity of proteid. 

Soldner and Camerer™ made some analyses of the filtrate from 
milk after the tannic acid mixture or alcohol had been used as proteid 
precipitants. The former leaves nothing which will give a proteid test. 
The alcohol used by them was not nearly so strong as that which I have 
found necessary. They found that the filtrate from the proteid when 
precipitated either by Ritthausen’s or by the tannic method contained 
in each case about 9°/, of the total nitrogen, but with the alcohol of the 
strength they used it was a little more. In one experiment they only 
used 60°/, alcohol, and found that there was a phosphorus containing 
nitrogenous substance left behind ; but C. Tebb ™ in 1903, working with 
pure casein, found that even 90°/, cold alcohol did not precipitate all 
the proteid. Hoffmann “ also used an alcohol method for the precipita- 
tion of the total albumin in ascitic fluid, in the proportion of 15 c.c. 
of 96°, alcohol to 5c. of the fluid. Soldner™ mentions that 
Danilewski and Radhausen consider that boiling alcohol alters the 
proteids, but as I have mentioned later, I find that the proteid precipitated 
from milk can be washed several times with boiling alcohol without 
an appreciable loss of weight, and boiling alcohol, if used in the strength 
I have recommended below, will certainly remove everything giving the 
proteid tests, but does not remove the calcium and the phosphorus from 
the proteid. Pfeiffer used a 50°/, alcohol, but found he got better | 
results in other ways. ; 

When experimenting with hot alcohol as a precipitant for the proteid 
in milk a couple of years ago, and using measured quantities of milk, I 
tried the addition of a little ammonia before adding the alcohol, but did 
not find it of service in assisting the separation of the fat, nor in making — 
the precipitate more manageable. At this time before adding the 
alcohol I always slightly acidulated with acetic acid: I did not find the 
use of ether advantageous, and I think that it is better to avoid ‘it, as it 
makes it more difficult to wash the precipitate, and to remove it for 
drying. In one case where three estimations were made, in two of 
which absolute alcohol alone was used, and in the third, one washing 
with ether was done, the first and the third came out the same, and 


the other only differed by 0°1°/,. It is more convenient to use alcohol 
throughout. 
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I have tried the use of methylated spirit instead of alcohol in a 
couple of specimens of milk; in one case the results were the same, and 
in the other there was only a very small difference. © 

After experimenting for some months with alcohol as a precipitant, 
and after thoroughly testing its effect on the salts, I adopted the following 
method of estimating the total proteids of milk :— 


Method. The milk is collected in dry breast vineess, and as soon as 
possible 4 to 5 grams are weighed out. Two or three drops of a 
saturated solution of citric acid in alcohol are added, and the mixture is 
washed into two of the tubes of a centrifuge, using about 100c.c. of 
absolute alcohol for the purpose. Each tube has a capacity of 100 cc. 
The mixture is then boiled on a water bath and once centrifuged. It is 
advantageous to heat the metal containers of the centrifuge while the 
mixture is being boiled, as this helps to prevent the separation of the 
fat. After rotating for a couple of minutes the supernatant liquid is 
almost or quite clear, any cloudiness being usually due to a little of the 
fat having come out as the alcohol cools, I have on some occasions 
filtered off the small amount of precipitate if it does not clear up on 


boiling, but recently I have found it much better to centrifuge again, 


and add any minute quantity of precipitate to the main portion. Having 
decanted off the clear fluid, the precipitate is extracted twice with | 
boiling aleohol, using about 30 c.c. on each occasion. The second washing 
is usually quite clear, as the small amount of fat extracted remains in 
solution; nearly the whole of the fat being removed at the first 


The third washing only removes the most minute trace of extractives. 
I have tested the filtrate. from boiling alcohol of the above strength for 
proteids and have not found any present. In fact when trying a weaker 
boiling alcohol than that mentioned I did not find any present, but if 
weaker alcohol be used there is greater difficulty in removing the fat. 

The precipitate is next washed with a little alcohol into a weighed 
platinum capsule, dried at 103°C., cooled in a dessicator and weighed. 
In testing any method proposed for the estimation vad proteid in _ 
following points must be determined 


(1) That the whole of the proteid is — 
(2) That all the sugar is removed. | 

(3) That all the fat is removed. 

(4) That no salts are carried deee or precipitated | with the 


proteid. 
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(1) Ihave already mentioned that boiling alcohol precipitates all 


during the process. No proteid was found. in the residues. I have 
found that there was no practical difference in the weight of the 
proteid obtained by extracting with hot alcohol six times instead of 
three. 
(2) Nearly all the fat is removed in the first washing, the second 
only contains traces, and the third none. Mr Cecil Revis, chemist to 
Messrs Welfords, Ltd., kindly examined for me a specimen of proteid 
which had been extracted three times with boiling 50°/, alcohol, and 
reported that there was no fat present, and in the above process much 
stronger alcohol than this was used. 
: (3) The first filtrate contains nearly all the sugar, the second only 
| traces, while the third is sugar free. | 


may not have been precipitated together with the id. I therefore 
experimented with the following solution which is approximately of the 
same constitution as that of the salts in human milk. 


K,0 0075 
Na,O ,, 
CaO 0033 ,, 
Cl 0°044 ,, 
P.O, 0-040 ,, 
MgO 0°006 ,, 


to render the mixture clear. 

5c.c. of this solution will give a precipitate if 5c.c. of absolute 
alcohol be added, and on boiling this becomes more evident. Acetic acid 
will not dissolve the precipitate, nor will the addition of ammonia. A 
small amount of hydrochloric acid will prevent the precipitation, but it 
is not advisable to add this acid to milk, as acid albumins are then 
formed. 

_ I next tried citric acid, and found that if a small quantity of this be 
added, any amount of absolute alcohol may be used, either cold or 
boiling, without causing any precipitation. As the solution of the salts 
was slightly acid, in order to get as near as possible to the state in 
which they exist in milk, I neutralised with decinormal soda, and 
obtained the same result ; they are not precipitated with absolute alcohol, 

even if 20 times the volume of alcohol be added. In the examples of 


the proteid. This was tested by evaporating down the filtrates obtained 


(4) In my previous paper I was uncertain whether some of the salts _ 


These were dissolved in water, a little more phosphoric acid being added 
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the process given, immediately after the milk was weighed, two or three 
drops of a solution of citric acid in absolute alcohol was added. It is, of 
course, quite probable that even without the addition of the citric acid, 
the alcohol will not precipitate the salts, as there is said to be normally a 
small amount of citrate in milk, perhaps quite enough to keep the calcium 
and magnesium in solution when alcohol is added, and all the experiments — 
given in the paper “On the Phosphorus and Calcium of Human Milk'” 
show that by far the greater quantity of the calcium is in organic com- 
bination with the proteid. The only possible criticism of this conclusion 
is that the proteid precipitate may contain some of the calcium and P,O, 
mechanically entangled. The drying at 103° C. does not take Jong, as 
the proteid is already completely dehydrated, and in a finely divided 
state; and a constant weight is very soon reached. Even if the 
temperature reaches 105°C. it does not matter. On one occasion for 
the sake of seeing what the difference would be on raising the tempera- 
ture, after getting a constant weight at 103°C., I increased the heat to 
112° C., and although a little charring occurred, there was only a loss of 
in the weight, | 

In the process as above recommended, therefore, all the proteid is 
‘precipitated, and the precipitate is free from the other ingredients of the 
milk. | 

The time required for the process is short, as a great saving of time 
; is effected by using the centrifuge, and a constant weight is reached in 
0 __ @ very short time, as there is.no water to drive off. The results are 
| quite as accurate if only about two gramms of milk are taken. 

The following are examples of eleven consecutive estimations, given 
as illustrating the amounts of proteid obtained in a series of specimens — 
in which the method was applied. 


Day after delivery Grs. of milk used Percentage of Proteid 
4th 2°644 2°68 
5th 2°58 
7th 4°0490 2-02 
9th 4°3545 187 
9th 3°8290 1°66 
5th 88070 2°06 
4th 4°1940 2°38 
4:1440 8°02 

llth 4°13815 2°27 
8th 1-7630 1°93 
5th 44720 188 


1 This Journal, xxxtv. p. 464. 1906. | 
PH. XXXIV. 32 
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Although the above are only given as examples, it will be seen that 
the average percentage is 2°2; this is rather higher than the number 
usually given for human milk, but nearly all the above were taken from 
the mothers of children who were getting on very well. The average 
percentage is higher than in the series of cases given in my former 
paper. The eleven analyses given above were, with one exception, all taken 
during the first week of lactation, when the percentage of proteid is 
higher than later. Adraince and Adraince™, who, however, do not 
mention how they estimated the proteid, also found that the proteids 
were higher in the earlier days of lactation ; and Richmond ® in some 
carefully conducted work, using Ritthausen’s method, found the same 
to be the case. 

When the proteid is burnt off, the ash remains as a white feathery 
residue. In six of the above this ash was weighed, and the average 
‘amount was 3°2°/, of the total proteid. This is the same number as 
that given by Lehmann and Hempel as the percentage in human 
easein. It is higher than obtained by Wroblewski ™ in human casein, 
and his numbers show that it depends on the method of preparing the 
casein. In the paper “On the Phosphorus and Calcium of Human Milk ” 
it is seen that nearly all the calcium is in combination with the proteid, 
viz.: 84°1°/,. I have on one occasion estimated the P.O, directly in the 
proteid obtained by the above process, and found it to be 0°87 °/,, which 
is lower than that given by weerreenee “ and others as the per- 
centage in human casein. 


RESULTS AND CONCLUSIONS. 


1. Precipitation of the proteid of human milk by means of hot 


alcohol is complete. 


2. The hot alcohol extracts the non-proteid constituents completely. 


3. The addition of a small quantity of citric acid prevents the 
precipitation of the salts. 


4. The proteid is weighed directly, not calculated from yes amount 
of the nitrogen it contains. 


5. By centrifuging, the ania is rendered more ail than by 
filtering, and the washing of the precipitate is more thorough. 


6. Drying of the precipitate is rapid. 


yh 
% 
“a 
ea 
‘ig 
at 
ona 
7 
z 
A 


PROTEID IN HUMAN MILK. 
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ON SUBCUTANEOUS INJECTIONS OF ADRENALIN. 
By T. R. ELLIOTT, George Henry Lewes student; AND 
HERBERT E. DURHAM, John Lucas Walker student, 
Cambridge University. (One Figure in the Text.) 


(From the Physiological Laboratory, Cambridge.) 


THE experiments of this paper were made. to try the possibility of an 
anti-body being produced by subcutaneous injections of adrenalin, and 
to observe whether any great change appeared at the same time in 
the nerves and muscles of the sympathetic system. 

Stradiotti' has published experiments in which the subcutaneous 
or intraperitoneal injection of suprarenal extract (“paraganglin Vassale”) 
produced in the dog a serum which could precipitate “paraganglin” and 
neutralise its power of vaso-constriction. Ssaweljew* had previously 
described a similar development of an immune serum able to confer 
passive immunity upon a second animal. 

We are ignorant of the exact nature of “paraganglin.” If its active 
principle be not more complex than adrenalin, these results would not 
accord with expectation, for as yet no instance has been discovered of 
the production of an anti-body to a substance of such’ chemical character 
as that of adrenalin; and moreover the formation would be difficult to 
understand if adrenalin is continually being excreted into the blood 
stream by the suprarenal glands. Baduel’, indeed, found no change in 
the blood serum of rabbits injected with adrenalin. And Abbott‘ 
failed to discover any body, other than a hemolysin, in rabbits injected 
intraperitoneally with an extract of guinea-pig’s suprarenals’. 

1 Archivio di Fisiologia, ut. p. 317. 1906. 

? Wratschebnaja Gazetta, 1904. Quoted from Biochem. Centralblatt, 1904, p. 124. 


* Boll. Soc. Eustach., ut. no. 5. 1905. Quoted ibidem, 1906, p. 752. 
* Journal Medical Research, rx. p. 329. 19038. 


® Gildersleeve’s experiments (Univ. Pennsylvania Med. Bull., xvi. p. 188) were with 
the same animals and seemed to give the same results, though they were less completely 
analysed. Levi Della Vida (Lo Sperimentale, uvm1. p.919. 1904) obtained some evidence 
_of the development of a cytotoxin in ducks injected with emulsified suprarenals of the 
guinea-pig, but he did not discuss the presence of an anti-body to adrenalin. _ 
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Our experiments were made on cats. They received a free allow- 
ance of milk, dog biscuit, and flesh, of which they ate rather more 
greedily than normal animals. Injection was made beneath the skin of 
the flank, the solution used being the 1 per 1000 commercial adrenalin 

_ chloride prepared by Parke, Davis and Co. It was not boiled, but 
septic infection never occurred. Quantities up to 2 mgm. produced no 
visible reaction in the cats. With larger doses the nervous symptoms 
described elsewhere’ became prominent, the respiration being hurried 
and the animal lethargic: but even with 6 mgms. no signs of sympathetic — 
stimulation appeared. At the same time the excretion of urine, which 
contained much sugar, was greatly increased; next day the glycosuria 
had vanished and the excretion had returned to normal volume. Only 
with much larger doses of adrenalin did the body weight fall. 

Eventually the cats were etherised ; the reaction. of the sympathetic 
muscular system to nerve stimulation and to adrenalin briefly examined; 
and then a volume of blood was withdrawn and tested for an anti-body. 
To this end the blood was defibrinated, mixed with a definite amount 
of adrenalin, and incubated at 37°C. for 3 to 4 hours. The amount of 
adrenalin remaining free in the blood after this incubation was then 
measured by the rise of blood-pressure produced in a second cat 
anesthetised with urethane and ether. With experience this method 
of estimation® has been found to yield quite constant and ey 
results. Three animals were injected. 


A. Cat, J, 3500 gm. Total adrenalin injected =18 mgm. in 30 
days, 12 mgm. being given in the last 11 days by doses of 2 mgm. on 
each alternate day. The body weight, which was always recorded in 
the morning before feeding, suffered no change. 

Four days after the last injection the animal was etherised and 
examined. As determined by the movement of the iris and nictitating 
membrane the preganglionic fibres of the cervical sympathetic were of 
normal electrical excitability. 
| Intrajugular injection of 0°0125 mgm. adrenalin produced a normal 
rise of blood-pressure, from 140 to 172 mm. Hg. The excitability and 
power of the splanchnic nerves were normal. 

25 c.c. blood were removed within 40 minutes of the first administra- 
tion of ether. This was defibrinated, and incubated at 37°C. in portions 
of 5 c.c. each with different amounts of adrenalin. Later the blood was 


1 This Journal, xxx. p. 461. 1905. 
2 This Journal, xxx1t. p. 448. 1905. 
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tested by intrajugular injection into cat anesthetised with urethane 
and ether. This test cat was far advanced in pregnancy and reacted 
ill to adrenalin. Close measurements therefore could not be made; but 
it was found that 0°05 mgm. adrenalin incubated with 5 c.c. of A’s blood 
for 3 hours suffered very little diminution of its power to cause vaso- 
constriction. 

Dissection of A revealed no change in any organ except the liver 
_ and kidneys. The aorta, heart, and lymphatic glands were normal: the 
suprarenals were of normal structure but perhaps enlarged, weighing, 
together with a small accessory of 0°023 gm., 0'448 gm. 

The kidneys were much enlarged—the right weighing 28 gm.—and 
showed fatty degeneration of the convoluted tubules, which. also 
extended down into the loops of Henle. The liver cells too showed 
cloudy degeneration with loss of glycogen and appearance of fat in the 
peripheral cells of all the lobules. But in neither liver nor kidney had 
there been passive congestion of the blood. | 


B. Cat, 2, 2100 gm. Total adrenalin injected |: 43 mgm. in 
10 weeks. 
5 mgm. in 4 weeks: weight rose from 2100 tu 2200 gm. 
20 mgm. in 4 weeks: weight rose from 2200 to 2400 gm. 
18 mgm. in last 2 weeks: weight sank from 2400 to 2200 gm.: 
doses in last month being of 2 mgm. each, excepting the 
last four of 3, 3, 4,and 5 mgm. 


Neither coagulable proteid nor reducing substance were ever found 
in the urine on the second day after any injection. Toward the end 
the cat. became indolent and its appetite poor: the body temperature 
remained normal. It was examined 4 days after the last injection of 
5 mgm. 

The cervical sympathetic and the splanchnic nerves were ® of normal 
electrical excitability. 

The blood vessels reacted to the injection of adrenalin with perhaps 
rather less sensitiveness than those of a normal cat, 0°0125 mgm. raising 
the pressure from 120 to 150 mm. and 0°025 mgm. from 110 to 160 mm. 
After withdrawal of the test blood 1 mgm. of adrenalin was injected ; 
the pressure rose from 50 to ) £10 mm., and the rise was not abnormally 
prolonged. 


35 ¢.c. of blood were withdrawn 50 minutes after ether had been first administered, and 
were incubated at 87°C, for 34 hours with adrenalin. Tested on a cat of 3400 gm. under 
urethane : 
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5 ¢.¢. blood of test cat injected in 10 seconds: blood-pressure fell 100 to 92 mm. 

5 ¢.c. B's blood: blood-pressure 100-104—92. 

5 ¢.c. B’s incubated with 0-025 mgm. adrenalin : blood-pressure 104-170. | 

5 ¢.c. salt solution incubated with 0-025 mgm. adrenalin: blood-pressure 110 
unchanged. 

5 c.c, salt solution incubated with 0°05 mgm. : blood-pressure 110-114. 

5 c.c. B’s blood: blood-pressure 110-114-102. 

5 c.c. B’s blood incubated with 0°05 mgm. : blood-pressure 110-186, 

5 c.c. salt solution freshly mixed with 0°05 mgm.: blood-pressure 110-200, and 
more prolonged than the last. 

25 ¢.c. blood withdrawn... 

5 ¢.c, B’s blood incubated with 0°1 mgm.: blood-pressure 96-200. 

5 c.c. salt solution freshly mixed with 0°05 mgm.: blood-pressure 90-194, of 
similar duration. 


That is, even 0°025 mgm. adrenalin did not entirely disappear during 
34 hours incubation with 5 ¢.c. blood, and of 0°10 mgm. under similar 
conditions at least 0°05 mgm. remained, the rate of destruction being 
similar to that in a normal cat’s blood. But the whole of 0:05 mgm. in 
5 cc, of 0°75 °/, salt solution was destroyed under the same conditions of 
time and temperature. 

The post mortem examination of B showed that the injections had 
all been aseptic. The organs were normal, with the exception of the 
liver and kidneys, and there were no dropsical effusions. In the right 
lung the bronchial cartilage and plain muscle chanced to be enlarged. 
The suprarenals weighed together 0°409. gm., a rather large value; the 
chromaftine substance in the medulla was somewhat patchy, and the fat 
and doubly refracting substance had spread over a large area of the 
cortex. The left gland, weighing 0°207 gm., was analysed by serial 
sections', It contained cortex 0°195 gm. and medulla 0012 gm., the 
mass of the medulla being therefore strictly normal. 

In the liver the outer cells of each lobule showed fatty degeneration, 
and the glycogen had disappeared. Similar degeneration was seen in 
the convoluted tubules of the kidney (both stained with Scharlach R), 
though not in the medullary rays: but no substance reducing Fehling’s 
solution was found in the urine on the day preceding death. 


C. Cat, J, 3800 gm. Total injection of 48 mgm. adrenalin in 
11 weeks. 
In first 5 weeks 7 mgm. in 0°5 mgm. doses: weight rose 3800 to 


3900 gm. | 
In the second 4 weeks 12 mgm. in 1 mgm. doses: weight sank 


1 Op, description of method in This Journal, xxxv. p. 338, 1906. 
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~ from $900 to 3500 gm., and the cat, which had been lazy, 
became much more active and cleanly. | 

In last 2 weeks 29 mgm. in doses of 3, 4, 4, 6, 6, 6 mgm.: weight 
varied from 3500 to 3450 gm. 


The larger doses caused continued lethargy, but no 5 etimlans effects. 


Transient polyuria with: sugar followed each injection, but no reducing - 


substance was found in the urine on the intervening days. Salivation 
was very copious. The appetite remained good, but in the last week 
the colon discharged only a greenish black fluid. The rectal temperature — 
had then risen by a degree or so to 103° F. 

The cat was examined, under ether, 3 days after the last injection. 

Stimulation of the cut cervical sympathetic, platinum electrodes 
being placed on either side of the nerve trunk, was effective on the eye 
at a maximal distance of 40 cm. between secondary and primary coil. 


The inductorium used did not permit of absolute measurements of the — 
strength of stimulus, but the minimal stimulus with it and a single 


Daniell cell in many previous experiments on the cervical sympathetic 
of normal cats had never exceeded 30 cm. In this instance the battery 
cell was weak, and the normal minimal stimulus pfobably would not 
have exceeded 28 cm. 

_ Both vagi cut, and 0:017 mgm.-adrenalin injected into the jugular: 
blood-pressure rose and fell, 114-136-90 mm. (Fig. 1.) 


Fig. 1. Carotid blood-pressure of cat C, after subcutaneous injection of 48 mgm. adrenalin 
in 11 weeks. 


Both vagi cut. Doses of adrenalin, 0-017 mgm. and 0-025 mgm. each in lec, _ 


injected into the jugular vein caused rise and fall of blood-pressure. 


Again 0025 mgm. : blood-pressure 126-150-98-122, though neither 
heart beat nor respiration were slowed. 

After removal of the test blood 0°5 mgm. adrenalin caused a rise, 
80-230 mm., of usual duration. 


> 
> 
| 
5 
“te 
> 
ar. 
(4 
< 
P 
t 
x 
ba 
4% 
BY 
“at 
4 


ADRENALIN INJECTION. | 495 


Fifty minutes after etherisation 35 ¢.c. blood were withdrawn and whipped, the 
resulting clot being of normal size. Samples, each of 50,c. with differing amounts of _ 
adrenalin, were incubated at 37°C. ir 8) bowen Tested on second cat of 2750 gm. under 
urethane and ether. 


5 ¢.c. O’s blood injected in 10 seconds: blood-pressure 140-148-134 mm. 

5 C’s blood incubated with 0-025 mgm. : blood-pressure 140-154. 

5 ¢.¢. C’s blood incubated with 0-05 mgm. : blood-pressure 142-166. 
5 c.c. salt solution incubated with 0°05 mgm. : blood-pressure unchanged. — 

5 c.c. salt freshly mixed with 0-05 mgm. : blood-pressure 152-200. 


heart beat 
slowed, and artificial respiration needed. 


5 c.c. salt solution : blood-pressure unchanged. 

5 c.c. C’s blood incubated with 0°10 mgm. : blood-pressure 90-172. 

| the rise being of 
rather less duration. 


5 c.c. C’s blood incubated with 0°0125 mgm. : blood-pressure 72-82. 


So the blood of C contained no substance exerting a peculiar 
influence on the blood-pressure of the test cat, nor did it destroy to any 
great extent adrenalin incubated with it for 3} hours. In this time 
0:10 mgm. were reduced to the effective equivalent of 0:06 mgm. by 
5 c.c. blood, and even 0°0125 mgm. had not entirely disappeared from 
5 cc. blood: yet meantime 0°05 mgm. had been completely oxidised in 
the salt solution made with ordinary tap water. — 

Post mortem dissection revealed no change in thymus, heart, 
lymphatic glands etc., nor atheroma in the aorta, The spleen was 
_ somewhat enlarged (doubtful increase of plain muscle), weighing 8°15 
gm, when contracted and empty of blood. The liver was shrunken, and 
contained no glycogen ; its cells were small and degenerated, but not 
with fatty degeneration. The kidneys were enlarged, the left weighing 
22°5 and the right 22 gm. when stripped of the capsule and emptied of 
urine ; the cortex was uniformly yellow with fatty degeneration of the 
cells of the convoluted tubules, which bad so enlarged as to compress the 
normal glomeruli. The connective tissue was unaltered. The supra- 
renals, together with an accessory of 0:026 gm., weighed 0'598 gm. They 
presented a typically normal appearance ; but in the accessory gland, 
which contained a core of chromaffine substance, the fat and doubly 
refractive. substance were more diffused over the cortex. 


D. Lastly adrenalin was administered to a fourth cat by the mouth. 
The drug was given each morning dissolved in 30 cc. of milk, which 
were drunk without much distaste. In all 163 mgm. were taken. __ 

Cat, J, 2800 gm. In first 2 weeks 13 mgm. of adrenalin. 

In next 2 weeks 30 mgm., a tabloid of “hemisine” equivalent to 
5 mgm. adrenalin being given every other day. : 
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In last 4 weeks 120 -mgm., being 1 tabloid daily excepting 
Sundays. 

‘The weight did not vary by more than 100 gm. from beginning to 
end of the experiment. 

When ‘examined the cervical sympathetic was found to possess 
normal electrical excitability; the blood vessels gave a slightly sub- 
normal reaction to adrenalin, a rise of blood-pressure by 136-152 mm. 
for 0025 mgm., but later from 60-230 mm. for 07 mgm. The blood 
contained no substance capable. of destroying adrenalin when incubated 
with it for 3 hours at 37°C. 

All the internal organs were normal, except the liver and kidneys, 
which exhibited the usual diffuse cloudiness of their cells with fatty 
degeneration. Numerous polymorphonuclear leucocytes lay in the liver 
capillaries' whereas in A, B, and C the pathological changes had appar- 
ently advanced beyond this stage. The kidneys were not enlarged 
(weight of left=13 gm.). A large mass of hairs was found in the 
stomach, the cat having apparently lost the power to eject these. The 
suprarenals presented a normal histological character, but sheir weight, 
0°293 gm. in gross, was below the average. 

Parallel experiments to those of A, B, and C were also made with 
the “hemisine” tabloids of Burroughs and Wellcome; and again no 
evidence was obtained for the development of an antithetical body to 
the adrenalin which they contained. By mischance in these the cats 
received a meagre diet of only bread and milk, so that their body weight 
sank greatly. In the case of bacterial injections high values of blood 
sera may be obtained, despite much concurrent wasting of the animal : 
but in these cases no anti-adrenalin could be proved to exist. 

In one of these last animals, a cat which had received in 21 days 
2°7 mgm. of adrenalin as contained in 22 small tabloids of hemisine, the 
suprarenals together weighed 3°537 gm., that is tenfold the normal 
weight. Their medulla was of normal size and well loaded with 
-chromaffine substance. The enlargement was due to the development 
of a huge amorphous mass edged with leucocytes between the medulla 
and the outer part of the cortex. This pathological change is probably 
to be regarded as an accident to the experiment. Foci of degeneration 
often occur in the cortex of the cat’s suprarenals: in this animal the 


change had spread over the whole cortex, an occurrence or 
unique in ‘our experionce. 
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SuMMARY, 


. The results of these experiments seem to answer clearly the main 
question. In not one of the three cats, A injected with 18 mgm. in 30 
days, B with 43 mgm. in 70 days, and C with 48 mgm. in 77 days, was 
any trace of anti-adrenalin present in the blood, No substance was formed 
in the blood which exerted an abnormal influence on the blood vessels of 
normal cats. Nor was a substance present to any extent in the tissues 
themselves, which made them much less responsive to the meest 
action of adrenalin, 

Certainly in A no such change could be detected. In B me ©, 
which had endured more prolonged treatment with adrenalin, the 
blood-pressure rise produced by an intravenous injection of small 
quantities of adrenalin was slightly subnormal. The circulatory system 
itself was not impaired, for the blood-pressure was of normal height, 
and a maximal dose of adrenalin did raise it to a greatest possible 
height of 230 mm., which is the same as that seen in normal cats, nile 
the reaction persisted for about a normal time. | 

‘With small doses C presented actually a fall of blood-pressure 
following upon the rise. This last abnormality might be ascribed 
either to great intestinal inhibition or to an exaggerated sensitiveness 
of the vasodilator reaction to adrenalin which has been examined in the 
normal cat by Dale’. 

A valid objection is that the method of injection, either by site 

subcutaneous or by being completed too rapidly, was not adapted to 

- produce a large yield of anti-adrenalin. Intraperitoneal injection leads 
to quicker absorption and more evident poisoning of the animal, and is 
therefore less desirable. Moreover Stradiotti found that the sub- 
cutaneous path sufficed to lead to his results, The question of time 
allowed is important. But were any anti-body to be produced, traces of 
it would surely have appeared in the 10 and 11 weeks granted to B and 
C; and the method of testing was sufficiently delicate to appreciate 
traces. Stradiotti’s results with dogs and paraganglin were attained 
by injections extending over only 5 weeks (61 mgm. in all for a dog of 
26 kilog.). It is conceivable that our failure with cats must not be 
applied to other animals, Guinea-pigs were tried, but could not be 
used for this purpose because injection of adrenalin causes in them skin 
necrosis. Moreover the cat was preferred as being an easy object for 
study of the sympathetic nerve and muscle system. 


1 This Journal, xxxrv. p. 175. 1906. 
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Broadly speaking the muscles of the circulatory system were un- 
altered. The electrical excitability of the sympathetic preganglionic 
nerves to those muscles, which are capable of stimulation by adrenalin, 
was also unaffected in all except C. Here the cervical sympathetic was 
without doubt abnormally irritable: whether this should be ascribed 
to a peculiarity of the individual cat or to the adrenalin treatment is 
doubtful. 

The suprarenal glands were eau enlarged. By comparison 
with the list given in another paper' it may be seen that in all three 
animals their weight was rather above the average: and in A and 
C accessory glands were present, though ss are infrequent in normal 
cats, 

The organs obviously affected by the poisonous character of the drug 
were the liver and kidneys*. Nervous depression and polyuria with 
sugar marked its harmful action early after each injection. The injury 
persisted in shrinkage of the liver with degeneration, often fatty, of its 
cells; and in great enlargement of the kidney by fatty “degeneration” of 
the secreting cells of the.convoluted tubules and (in A) ascending limb 
of Henle’s loop. Despite this change the volume of urinary excretion 
was unaltered except during the immediate erycosare following each 
injection. 

Adrenalin, or the related product of it which causes these fatty 
degenerations, must be absorbed from the alimentary canal, for in D 
| though less intense occurred when adrenalin was taken 
in milk, 


Grant Committee of the Royal Society.] : 


Drummond and Paton, cit. 
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_ ‘The Source of the Stimulus which causes the Development 
of the Mammary Gland and the Secretion of Milk. By Wa.trr 
Heaps, M.A., Trinity College, Cambridge. | 


The stimulus which causes the development of the mammary gland — 
has been generally associated with the conditions prevailing during 
pregnancy, and Starling’ has recently attempted to show by experiment 
that the specific stimulus which determines the growth of that gland in 
pregnancy is produced in the product of conception. 

Information from a huntsman*, whose knowledge of hounds is 
probably unique, shows : 

(1) That virgin bitches are frequently known to produce milk. 

(2) That the flow of milk occurs about the time when these 
bitches would have whelped if they had conceived during the previous 
cestrus. 

(3) That he has known bitches which had been “ lined” but which 
had “missed” having pups, in which a flow of milk occurred at the 
time they were due to whelp, in sufficient quantity to enable them to 
rear litters of puppies belonging to other bitches. 

Another huntsman’, who is also a most experienced man with hounds, 
corroborates items (1) and (2), and adds, 

(4) That he has known virgin bitches produce milk in sufficient 
abundance to rear pups. 


1 Croonian Lectures. Lancet, 1905. 
2 Mr Tom Smith. Huntsman of the Bramham pack. 
3 at Badminton. 
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Again, it is recorded by Tegetmeier and Sutherland’ that mules 
may produce milk, in some cases in sufficient quantity to rear a foal. 
Finally, the nipples of certain monkeys become swollen and highly 
congested at each menstrual period *, and the mammary glands of women 
commonly develop to some extent at such times. 

Thus it is clear, (1) that the beginning of the development of sh 


_- gland dates from some point of time prior to or during procestrum® or 


cestrus, and occurs normally quite apart from pregnancy ; (2) that the 
full functional development of the gland may be experienced by virgins, 
and therefore without any stimulus derived from a foetus. 
On the other hand, the association of the primary development of 
the mammary gland with the procestrum, indicates that the source of — 
the stimulus which excites that development is to be found in the 
“ gonadin” secreted by the ovary at that time, if not in the “generative 
ferment” which, I hold, governs the activity of the generative glands‘. 


1 Horses, Asses, Zebras, Mules, and Mule Breeding, 1895. 
_ * Heape. Phil. Trans. B. cuxxxvim. p. 135. 1897. 

* Heape. Quart. Journ. Micro. Sci. x11v. p. 1. 1900. 

* Heape. Proc, Roy. Soc. B, uxxv1. p. 260. 1905. 
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Jan. 20, 1906. 


The Suprarenal Capsules in cases of Nervous and other 
Diseases. By F. W. Morr and W. D. Hatisurton. 


At the autopsies performed on cases which died in the London County 
Asylums it was frequently noticed that the suprarenal capsules were 
atrophied or disintegrated. It therefore appeared advisable to subject 
the matter to a systematic investigation, for knowing the close 
relationship between the nervous system and the suprarenal medulla, 
from the embryological point of view, it did not appear on @ priori 
grounds impossible that there might be a similar connection between 
nervous disease and suprarenal atrophy. We have accordingly examined 
the suprarenals in over seventy successive cases ; a small portion of each 
_was reserved for microscopic study; Vulpian’s colour reaction with ferric 
chloride was applied to another portion, and the intensity of the result 
noted, The remainder was rapidly dried in vacuo, and extracts of the 
dried powder were examined physiologically for adrenaline, One of us 
(F. W. M.) was responsible for the histological and colour reaction 
observations, and the other (W. D. H.) for the physiological testing. 
The two series of observations were made independently, and when 
completed they were compared and correlated. With but few exceptions 
the results agreed extremely well. 

The glands were atrophied, degenerated, or disintegrated in about 
half of the specimens, and in these adrenaline was either absent or 
present only in traces. But no connection could be traced between 
such a condition and the original nervous or mental disease for which 
the patient had been admitted to the asylum. Suprarenal atrophy 
appears, however, to be related to the secondary diseases from — the 
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patient ultimately died. In the majority of cases where it occurred 
the patients had suffered from chronic diseases, Such diseases, as is 
well known, affect injuriously the secreting mechanism of the whole 
body, and the suprarenal shares in this depression. Acute diseases on 
the other hand do not appear to produce these effects so markedly 
unless they are very intense. It should, however, be stated that in 
a number of instances the only guide to the duration of the bodily 
disease was that afforded by the results of the post-mortem exami- 
nation, 

The observations suggest the possibility that the fatal termination 
of chronic diseases may be accelerated by the lack of =asneaeor secretion, 
and consequent circulatory depression. 

A full account of the investigation and analysis of cases will appear 
in the forthcoming volume of Mott’s Archives of Neurology. 


The Neuro-fibrils of the large Ganglion Cells of the motor 
Cortex of animals in which the four arteries had been ligatured 
to produce cerebral anemia. By Lxonarp Hitt and F. W. Mort. 


The brains of two dogs and a cat in which cerebral anemia had been 
produced by Dr Leonard Hill, who tied all four cerebral arteries, were 
examined by Cajal’s neuro-fibril method. 

The animals presented the usual symptoms, but after 24 hours 
bests to respond to strong stimuli indicating a return of psycho-motor 
reflexes. Thus the cat, which was quite indifferent to its surroundings, 
on the approach of the dog staggered on to its feet and responded in 
the usual way a cat does, The animals were then killed and the brains 
removed; they were quite pale, soft and watery, probably due to 
replacotent of the blood by cerebro-spinal fluid. "We found previously 
that animals which die within 24 hours after ligation of arteries (coma 
and death being preceded by epileptiform convulsions), a totally different 
appearance of the cortical ganglion cells by Nissl’s method to those in 
which signs of recovery occur at this period following the operation. 
In the former, the cortical cells show a uniform diffuse staining, absence 
of Nissl granules, an appearance of coagulative necrosis denoting a — 
bio-chemical change in the protoplasm of the cell and permanent loss 
of function. In the latter the cells are swollen, especially is the 
nucleus greatly enlarged and displaced, but there is still a differentia- 
tion into chromatic and achromatic substances denoting bio-physical 
rather than bio-chemical change, and a rather than permanent 
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depression of function. The large psycho-motor cells, however, suffer 
less than the smaller pyramidal cells, and this may account for the fact 
that stimulation of this anemic cortex produced a response more readily 
than under normal conditions. It may be that inhibitory influence 
has been removed by the loss or depression of function of the later 
developed pyramidal layer, which is generally considered to be concerned 
with higher control. | 

We have not had the opportunity of examining the brains of 
animals which have died within 24 hours in coma preceded by 
convulsions by the method of Cajal for neuro-fibrils. 

But the examination of the motor cortex of the three animals 
referred to showed that although the psycho-motor cells are much 
' swollen owing mainly to great enlargement. of the nucleus, yet the 
neuro-fibrils are quite intact and can be traced through the cell from 
the dendrons to the axon. The fibrils forming the apical dendrons in — 
the cat’s brain can be traced up to the superficial cortical layers. The 
fibrils when they pass through the cell-body form a meshwork, and the 
Nissl substance and pattern is due to its being a more fluid substance 
which lies in this meshwork, and which undergoes precipitation upon 
- the death of the cell. The fibrils do not pass through the nucleus. 

Specimens are sometimes obtained which appear to indicate a 
continuity of the nucleo-plasm and the aco-plasm. 

Lantern slides were shown in illustration of these facts. 


i 
2 
3 
* 
1 
zt 
i 
a 
ng 
4 
hid 
ie 
™ 
aa 
t 
hy 
& 
4 
> 
“72 
if 


PROCEEDINGS 


PHYSIOLOGICAL SOCIETY, 
Feb. 24, 1906. 


Observations upon two cases of Cheyne Stokes’ respiration. 
By M.S. Pemprey, A. P. Bepparp AnD H. FRENCH. 


Two patients presented the phenomena of Cheyne Stokes’ respiration 
in so characteristic a form that it was possible to make a series of 


observations upon the influence of oxygen and carbon dioxide upon the | 


respiratory movements and the relation of the blood-pressure to the 
periods of apnoea and breathing. 

The first case was that of a man aged 46 years under the care of 
Dr Frederick Taylor. He was suffering from chronic Bright's disease ; 


the left ventricle of his heart was much hypertrophied and his blood — 


vessels showed general arterial sclerosis. There was a typical waxing 
and waning of the respiratory movements and during the period of 
hyperpneea there was a general overflow of motor impulses. The 
duration of the periods is shown by the following consecutive deter- 


Hyperpnoa 
25 87 (89) 20 26 (78) 10 
22 32 (87) 25 27 (65) 11 
25 82 (77) 23 26 (68) 10 
22 28 (77) 21 25 (71) 10 


Oxygen administered through a mask with inspiratory and expira- 
tory valves caused the apnoic pause to disappear within 14 minutes, In 
one record the period of hyperpnaa lasted 39 seconds and included 20 
respirations and was followed by a period of apnea lasting 19 seconds, 
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when the patient was breathing air through the mask and valves, but 
with oxygen the respirations were shallow and continuous in type, 48 
respirations in an equal period of 58 seconds. Air containing pure 
carbon dioxide (467 per cent. carbon dioxide and 20°48 per cent. 
oxygen) administered towards the end of a period of hyperpnma 
promptly abolished any tendency to apna; the respirations were of a 
continuous type, deep and of a frequency of 24 in 39 seconds. Breathing 
through a mask and long tube also abolished apna and breathing air 
through the mask and valves at first tended to prolong the period 
of breathing and shorten the period of apnea, The breathing of 
oxygen gave the patient much relief and removed the dusky ash-grey 
colour of the face. The Cheyne Stokes’ respiration disappeared a few 


days before death and this period was associated with a pleurisy, 


probably tubercular, upon the right side. 
The blood-pressure determined by means of C. J. Martin’s modifica- 
tion of the Riva Rocci apparatus was: 


At height of hyperpnea 178, 174, 178 mm. Hg. 
In middle of apnoea 
At end of apnea 168, 168, 165 ,, _,, 


The second case was that of a man aged 45 years under the care of 
Mr Lane. As the result of an accident he had broken both legs and 


the fingers of the left hand. He became comatose, then slowly 


improved, but remained in a stupid, semi-conscious condition for several 
_ days. Cheyne Stokes’ respiration was observed at this stage, nine days 
after the accident. During apnma the patient either closes his eyes, as 
if he were asleep, or shows conjugate deviation of the head and eyes to 
the right, the eyes remaining open. He makes no effort to answer 


questions, During hyperpnea he rapidly wakes up and there is 


a forcible discharge of motor impulses, which are nearly constant in the 
same stage, especially the movements of the right arm and head and 
® movement of the right hand over the top of his head. He slowly 
answers questions during this stage. 

The following figures give the duration in seconds of consecutive 
periods of apnea and hyperpnea, when the patient was breathing air 
through a mask and valves. 


Apnea Hyperpnosa Apnea Hyperpnes 
12 26 22 27 
16 22 8 123 
1 21 
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Oxygen was then given; the respiration in ten minutes became 
continuous, the rate of breathing being 14 per minute. Breathing 
through a mask and long tube abolished apna, and any marked 
disturbance of the patient tended to shorten the apneic period. The 
Cheyne Stokes’ respiration was more marked during sleep; it dis- 
appeared for a day or so, reappeared for a day and then finally dis- 
- appeared when the patient’s mental condition became quite normal 
about 19 days after the accident and his progress to recovery became 
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Secretion by the Renal Tubules in the Frog. By FA : 
BAINBRIDGE and A. P. BEDDARD. 


One of us (A. P. B.) has confirmed 
ment that ligature of all the arteries supplying the frog’s kidney cuts 
the glomeruli permanently out of the circulation. It was also found 
that the ligature causes the epithelium to degenerate rapidly. Nuss- 
baum’s statement that injections of urea into a fully ligatured frog 
cause a secretion of urine was not confirmed, at any rate when the 
injections were begun as late as two days after the ligature. The 
failure of urea under these circumstances to produce a secretion of urine 
might have been due either to the absence of glomeruli i in circulation 
or to the degeneration of the epithelium. 

_ In the present series of experiments it has bean found that injections 
of urea begun directly after the operation failed to produce a secretion. 
of urine in three frogs in which the epithelium was found to be de- 
generated and in which injection from the aorta showed _ all the 
glomeruli were out of circulation. 

The degeneration of the tubular. epithelium which follows ligature 
of the arteries is prevented by keeping the frogs in nearly pure oxygen 
at atmospheric pressure. In six such frogs, in which subsequent in- 
jection showed that no glomeruli were in circulation, a secretion of urine 
followed the injection of urea, alone or in combination with dextrose, 
phloridzin or Na,HPO, (vide table). The urine in all cases was found 
to contain urea, chlorides and sulphates, and to possess a definite, although 
variable, acidity to phenolphthalein. In one case after the injection of 
dextrose and in another after phloridzin the urine reduced Fehling’s 
solution. In the small quantities of urine available it was never found 

possible to demonstrate the presence either of uric — or phosphates ; 
and the same was true of unligatured frogs, | . 
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Expt Material injected Quantity of urine ‘Urine contained 


2 urea 1-0 ¢.c. urea and salts 
ares | 0°5 urea and salts 
4 urea and Na,HPO, a. 050.0. urea and 
b. 0°25 cc. salts 
5 ‘urea and dextrose O5c.c. dextrose, urea. 
6 ‘ureaand phloridzin O5cc. dextrose, urea 


In six similar experiments in which the frogs were kept in oxygen 
and the ligature was found to be complete either no urine or only a few 
drops were produced. In four of these cases phloridzin and urea had 
been injected, in another urea and Na,HPO, and in the other normal 
salt solution. Microscopically the epithelium was ie as good as that 
of the frogs which had secreted. 


Nitrogenous metabolism in normal individuals. By J. M. 
and §. B. ScHRYVER. 


In view of the recent experiments by Chittenden, who has shown 
that it is possible to maintain nitrogenous equilibrium on diets 
containing relatively small amounts of protein, it was of interest to 
_ investigate the nitrogenous metabolism of normal individuals, living in 
‘their ordinary way and performing their norma) avocations. The 
_ subjects of the experiments were seven workers in the laboratory of 
University College. The total nitrogen and uric acid were determined 
in 24 hour urines over a period of six days. The results are given in 
the following tables. 


Quantity 
H. 1 1650 1030 2°08 1-02 0°840 16 
2 1700 1020 128 0-78 0-260 20° 
1750 1018 178 077 . 0256 1°5 
4 1250 1022 1°68 0°72 0-240 15 
1460 1022 174 0-78 0-243. 
6 950 1020 138 064 0-213 15 
*] 1100 1019 90: 0116 
1540 162 0°76 0-258 15 
‘8 1720 1018 165 0°79 0-268 146 
4 1018 16°83 0-81 0-270 16 
5 1850 1021 146 088 19 
6 1900 159 0-80 0266 


* P. 1, is incorrect since all of the urine was not collected on that day. All the first 
the 


day values are somewhat high owing to a heavy meal being taken before the beginning of 
experiment. | | 
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| Uric acid N 
BA: 119 059 0196 16 
2. 1890 10138 9°8 0°50 0-166 14 
8 1840 1015 0°42 0-140 
4 2020 9°4 0°38 it: 
1660 . 1016 8°5 048 01143. 17 
1680 1016 0°87 0-128 14 
8.8. 1 (1100 1080 184 0-80 0-266 14 
1050 1028 153 067 . 0223. 
8 1520 1022 18-1 0-89 0-296 16 
4 1260 1020 165 0°82 0278 16 
7 5 1170 1026 15°8 0°77 0256 16 
6 1140 1027 153 . 064 0218 14 
F.8. 1 2100 1015 158 072 . 0240 15 
2 1500 1017 0°55. 0°183 14 
3 1350 1015 12°2 0°55 0°183 1% 
4 1480 1016 13°7 O57 0°190 14 
1160. 1016 108 0°46 0°153 15 
6 1820 1016 1238 «0°55. 0-183 15. 
Quantity 
C. 1 900 13°9 0°64 16 
2 1150 14°8 0-55 
8 1290 127 0°65 0-216 1-7 
4 2100 150 0°66 0-220 14 
5 1670 056 | 16 
6 960 100 0°46 0°153 15 
B. 1 1140 11°17 0-381 0°127 11 
70 0°582) 0-194 18 
3 1410 14°7.. 0616. 0°206 
5 900 10°7 0°582 0-194 
6. 1140 10°4 0°455 1-4 
Average per day for 6 days is given in the following table. 
Bubject Total N UricacidN x 100 
E.8. 60 96 0°149 1°55 
C. 78 12-9 0°195 1°61 
F.S. 74 13-0 0-189 1-46 
H. 165 1°56 > Average 1°54 
8.8 68 165 0-254 1°54 
: P, 72 14°7 0-240 1°63 
B. 61 11°4 0-180 1°57 
Average per individual 13°65 gr. N excreted per day. 
Allowing for a loss of 10 °/, N in feces, this is equivalent to 93 grams of protein 
per day. ; 
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There are several points of interest which are demonstrated by these 
tables. The first of these is the constancy of the ratio of the uric acid 
nitrogen to the total nitrogen. In five cases out of seven, the deviation 
from the average of 1°54°/, is well within the limits of experimental 
error; in the other two cases the deviation does not exceed 0°09 °/,. 

Another point of interest is the relatively low total nitrogen excreted. 
This is a point of considerable importance from the sociological 
standpoint. The following numbers are taken from Rowntree’s 
Poverty, a ~_? in town life, a study of social conditions in the town 
of York. 


Social condition 2 

Working class families of total weekly earnings under 26s. 69 grams 
” ” over 26s. 119 
Workhouses (including York) ; 186 ,, 
Atwater’s standard 
Average from 3 ,, 


1 Calculated per adult man. 


Rowntree has adopted Atwater’s standard and has concluded 
that 27°/, of the population of the city of York are living in poverty 
- partly on the ground that their protein diet falls below the Atwater 
standard. Although it cannot be claimed that the numbers obtained 
by us by urine analyses are strictly comparable to those given in the 
above table! (which refer to bought food), yet the differences are so 
great, and the actual nitrogen metabolism falls so far below the 
Atwater standard, that great care must be taken in drawing conclusions 
as to the sociological conditions from the amount of protein consumed. 


It is hoped that we shall be able to extend this investigation in other 
directions. 


1 It is also probable that the poorer classes take relatively larger quantities of vege- 
table protein, in which cases the loss of nitrogen in the fmces is greater than 10°/,, 
the amount allowed for in our laboratory experiments. 
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_ Examinations at varying ages from 1 month to 3 months. 
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‘The effect of an excessive diet on the osseous system of rats. 
By A: Dinewatt Forpyce. 


(Preliminary note.) 


Object of the investigation. To determine what changes, if any, are 
induced in the osseous system by an excessive meat diet (ox-flesh). 


Method of observation. Material employed : 
(a) newly-weaned rats. 
(b) young rats of meat-fed mothers. 
(a) diet of ox-flésh commenced on weaning rats, controls being 
obtained from equal number of same litter fed on bread and milk. 


(b) young of meat-fed mothers fed when weaned on meat flesh. 
Examinations at varying ages from 1 day to 3. months. Controls of 
corresponding age fed on =e and cme : 


Nature of changes noted. 
Macroscopical : 
1. General softness of osseous 
2. Increased vascularity. 
3. Bread-like prominences at costo-chondral less 
) frequently on ribs themselves. | 
4. Curvatures of the spine and long bones. 
Microscopical: 
1. Evidences of defective both intra-carti- 
laginous and intra-membranous. - 
2. Markedly increased vascularity. 
3. Changes in the bone-marrow. 
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On the influence of an excessive meat diet on the male 
reproductive organs. By C. B. Pavt. 


The object of this investigation was to determine the effects of — 
an exclusive ox-flesh diet on the development of the male reproductive 
organs of rats. Three series of observations were made as follows. _ 
(a) A series of 8 rats which were first on an exclusive ox-flesh 
diet for periods ranging from two to six months, the diet being 
commenced when the animals were weaned; eight rats from the same 


Male reproductive organs of full grown rats from the same litter. 
A. After 54 months, bread and milk diet. Weight of animal 210 grms. 
B. After 54 months, ox-flesh diet. Weight of animal 170 grms. 


litters were employed as control—bread and milk-fed—subjects. (The 
female rats which were kept in the same hutches as the meat-fed males 
were sterile, whereas all the controls bore young.) | 

(6) Four rats fed on an exclusive ox-flesh diet for periods ranging 
from 5 to 9 months, the diet being commenced when the animals were 
about two and a half months old, with eight controls. 


(c) Five adult rats fed on an exclusive horse-flesh diet for 
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In series (a) the reproductive organs were much less developed 
in the meat-fed subjects than in the controls. The defective develop- 
ment is most pronounced in the seminal vesicles and Prostate gland 
(see figure). 

In series (6) and (c) the testicles, prostate sland and seminal 
vesicles are slightly less than in the control animals, 

These results show that an excessive meat diet interferes with the 
development of the male reproductive: organs, and that this arrest of 
development is most pronounced in the case of animals fed on a meat 
diet since weaning. 


. Fats. By FREDERICK GARDINER. 


(Preliminary note.) 
The skin of the progeny of meat-fed rats differs in the majority of 
cases from that of animals bred on a bread and milk diet. In the 
latter the coats are thick and well nourished, while in the former there 
is evident coarseness and the hair is thin. In a very small percentage 
(1 litter out of 18) the skin of meat-fed rats compared very favourably 
with that of the controls, The following investigation was undertaken 
to determine the microscopic appearances of the skin in young animals 
bred on the two diets. My observations have so far been confined to 
rats varying in age from one day to three weeks, 28 being bred on bread 
and milk and 37 on ox-flesh. Described briefly the alteration in the 
skin is one of pralongation of the embryonic state in the meat-fed 
subjects. 
The stratum corneum is lint compact and more evidently in 
detachable layers. 
The stratum granulosum shows no definite changes. 
The stratum Malphigii shows in the normal bread and milk-fed rats 
a gradual condensation and consequent thinning as age advances; in 
the meat-fed rats the layers remain more or less swollen, the cells 
showing greater vacuolation, and lessened staining capacity. — 
‘The cutis vera shows a more cellular structure in all the meat-fed 
rats, 
The hair is distinctly less advanced in development in the meat-fed 
subjects. 
These appearances are illustrated in the sections shown. 
c2 
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| The minute structure of the uterus of the rat with a note 
on the influence of a meat diet on it. By Maico_tm CAMPBELL 
and CHALMERS WATSON. 


The original object of our investigation was to determine the effects» 
if any, of an exclusive meat diet on the minute structure of the uterus 
of rats. In the course of our research, the examination of a large 
number of controls,-bread and milk-fed subjects (30), revealed unexpected 
variations in the minute structure of the uterine mucous membrane, in — 
apparently normal rats. The chief differences are in the cellular 
constituents of the subepithelial tissue, and these variations do not 
appear to be dependent on the period of rut. We have therefore 
deemed it important to make an extended investigation of the minute 
structure of the uterus in apparently normal animals kept under — 
physiological conditions, as a preliminary to a similar study of the 
effects of different diets on its structure. The present communication 
is a preliminary one describing and illustrating the appearances 
observed both in the control and meat-fed subjects so far examined. 

(A) Adult controls. Leaving out of consideration the epithelial 
lining, and the uterine glands and vessels, the structure of the mucous 
membrane consists essentially of two types of cells: 

(a) Cells with very large faintly stained nuclei, and (6) cells with 
small and deeply stained nuclei. 

The point to which attention is directed is the great variation in the 
relative proportion of these two types of cells in apparently normal 
subjects. In some animals the mucous membrane is almost entirely 
composed of the former type of cell, there being very few of the small 
connective tissue cells; in others the latter are in considerable amount. 


(B) Meat-fed Subjects. (a) In a series of five meat-fed rats which 
were fed on an ox flesh diet for several months after weaning, the 
minute structure of the uterus is markedly altered. (These animals 
were sterile, whereas the controls from the same litters had young.) 
There is a marked alteration in the relative number of the two types of 
cells—the large cells being very much reduced in number, and the small 
cells being in excess. This change is associated with a development of 
fibrous tissue in the outer part of the mucous membrane and a general — 
atrophy of the whole uterus. 

(6) In two rats fed on an ox flesh diet for six months, the diet 
being commenced when the animals were about 2} months old, the 


/ 
4 
/3 
eg 
a 
by 
ig 
4 
a 


SOCIETY, JUNE 2, 1906. — xvii 


histological appearances are different from those recorded in onda (a). 


There is no increase in the number of the small cells, and no fibrosis in 
the outer part of the mucous membrane, the general appearances being 
similar to those observed in several controls. Both of these had litters 
of young. 


The influence of an excessive meat diet on the development 


and structure of the teeth. A Preliminary Note by G. W. Watson 


and J. H. Grpss, 


The object of this investigation was to ascertain what effects, if any, 
were produced in the teeth of rats by an excessive meat diet. The 
material employed was : | 

(a) A series of 8 animals which were fed on an exclusive ox-flesh 
diet for five months, the diet being commenced when the animals were 
weaned, six controls (bread and milk-fed) being examined from the 
same litters. 

(b) 3 rats which were fed on an exclusive horse-flesh diet for 5 and 
8 months, the diet being commenced when the animals were about 24 
months old, 

(c) A series of the 2nd generation of meat-fed rats, 30 in number 
with a like number of control subjects, the _ varying from 1 day to 
3 months, 

The methods of investigation were : 


I Avnaked eye examination of the size and general appearance of 

the teeth, 
IL Grinding down the teeth, and submitting to microscopic | 

examination. 

III. Comparison of the histological appearance of the decalcified 
tissues. This applies to the third series. 

The general results may be summarised. | 

In series (a) and (b) the enamel and the dentine of the meat-fed 
subjects are well developed and with one exception show no gross defect. 
Two of the controls show defects similar to the exception noted. An 
examination of series (c) shows that the general development of the teeth 
in the meat-fed subjects is perhaps somewhat behind that of the 
controls. 

It is however noteworthy that in the oldest animals examined—a 
litter of 3 rats—the histological appearances show no indication of 
retarded growth. We are not yet in a position to express an opinion as 
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to the rate of eruption of the teeth. A striking feature in our obser- 
vations was the extreme softness of the bones of the jaws in the meat- 
fed animals, and in view of this alteration in the bones it is of interest 
to note the relatively normal condition of the teeth. 


By D. F. Harris and Moonie. 


In 1903, one of us’ recorded the rhythm of post-tetanic tremor 
in frog’s striated muscle as of about 5 per second; we now desire to 
record the similar tremor elicitable in human sinsiilee. 

The human muscle, eg. the Flexor sublimis digitorum, stimulated 

tetanically through the skin of the fore-arm, acquires a similar tremor 
with a periodicity of 4 to 5 a second: this tremor can be maintained 
for at least half an hour without its altering in any respect. 


Fig. 1. Post-tetanic tremor, haman muscle (Flexor sub. digit.). Reduced one half. To 
be read from left to right. Stimuli (third line), 48 break shocks per sec. (automatic 

_ interruptor in primary circuit). Time in half-seconds. Secondary coil 6em. 2 Obach 
dry cells (C size) in primary. 


We used a small American Inductorium (Porter's pattern), and as 
recorder the spring of the ergograph provided with an aluminium 
writer. Close to the fixed end of the spring a cord was tied which 
passed over a pulley to a strong ring on the terminal phalanx of the 
middle finger. Sponge electrodes, soaked in ‘75 NaCl, were applied so 
as to stimulate the muscle in the direction of its length. We had 
previously ascertained that only break shocks were effective, the resis- 
tance of the skin evidently rendering the make shocks subliminal. 


(The “period” of the spring of the ergograph was 40—42 per 
second. ) 


1D. F. Harris, Proc. Phys. Soc., March 21, 1903. 
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_ ‘Phe time-relations of Ritter’s (opening) tetanus. By D. F. 
| 

Graphic records of this “tetanus” are not very common, and I can 
find none with the time-relations recorded. No time-tracing is given 
for those in eg. Biedermann’s Electro-physiology nor in Practical 
Physiology (p. 327) by Hill and co-writers, For certain theoretical 
purposes it is desirable to know the time-relations of this and similar 
thythmical tremors in muscle, 


i 2 i 


1. Ritter’s gastrocnemius, frog (2/06). 
The divisions (5°5 mm.) indicate seconds. 
To be read from left to right. 


Figure 1 shows a record of this so-called “Incomplete tetanus” 
produced by the sudden breaking of a current which had been “ acon 
ing” in the sciatic nerve for 5 minutes. 

(Source of current, 3 bichromate cells in series, through non-polar- 
isable electrodes.) 

The muscle hung vertically, actuating a horizontal, supported lever ; 
no weight was used, The rhythm at the sis enamel of this tremor or 

Incomplete tetanus is 5 to 6 per second. 


. A preliminary note on the influence of a meat diet on the 
kidneys. By CHatmers Watson and G, Lyon, 


This investigation was undertaken to determine the influence of an 
excessive meat diet on (a) the weight,and (5) the histological appearances, 
of the kidneys of rats fed on an exclusive meat ithe Four | series of 
observations were made as follows. 
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I. On adult rats (7) fed on an exclusive meat diet. for 5. months. 
Thirteen controls were employed, seven: being porridge fed and six 
bread and milk fed subjects. _. 

_ IL On young animals (8) the diet (horse flesh or ox flesh) being 
begun either when the animals were weaned or at the age of two to 
three months, 

TIL On castrated female rate (5) fed on a horse flesh diet for four 
or five months. The controls were eight i in number, five being rice fed 
and three porridge fed animals. 

TV. On the second generation of meat fed animals (horse flesh or 
--ox flesh), This series comprises 32 animals of ages varying from 12 
days to three months; it included 13 rats which had not been weaned. — 


Weight of the Kidneys. The results are summarised in the fol- 


lowing tables: 
No. of weight Percentage 


of kidneys weight 
Meat diet | 52 4666 63°3 1°40 
Bread and Milk 55 6895 71°6 1:03 


These figures show that the percentage weight of the kidneys in 
meat fed animals is decidedly higher than in animals fed on a non-meat 
dietary. This increase in weight is more pronounced in the second 

generation of meat fed rats, as is shown in the following table: 


No. of weight Percentage 
Meat fed | 1425 . 1°59 
Control 1924 1-01 


‘ Microscopic appearances. The histological appearances of the 
kidneys as determined by ordinary staining methods (hematoxylin and 
eosin) were in the majority of cases normal. Striking pathological 
changes were, however, present in the majority of the adult rats fed on 
a horse flesh diet, and in a small minority of other meat fed subjects. 
The intensity of the change varies from a slight swelling of the granular 
secreting cells to marked disintegration with the presence of bacteria in 
large numbers. In less affected cases the earliest changes are always — 
found in the ascending limbs of Henle’s loop, the cells of which may 
have undergone an advanced degree of granular disintegration, while 
the cells of the convoluted tubules may show little or no change. _— 
The application of Muir's stain to the kidneys of the meat fed 
1 This staining method, which will be described in detail in a forthooming number of 
the Journal of Pathology, consists essentially of an eosin and methylene blue stain, the 


eosin used being a 70°/, alcoholic solution differentiated by means of an alkaline solu- 
tion (ammonia in spirit). 
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subjects which appeared normal by ordinary staining methods, shows 
a striking alteration in the granules of the secreting cells. These 
changes may be briefly described as 


|. An irregular distribution of granules throughout the secreting 
cells, the granules not being confined to the base of the ceil as in normal 
_ kidneys. Many granules may also be present in the lumen. 
IL An alteration in the size and staining affinity of the granules, 
the granules being much larger in size and taking a deeper stain. 
In the kidneys which show advanced — the granules are very 
few in number or may be absent. 


On the occurrence of orystals in the nuclet of liver cells. 
HERRING. 


(Preliminary communication.) 


Crystals in the nuclei of liver cells have been described by Browicz! 
in the livers of dogs killed from 4 to 5 hours after the intravenous 
injection of a solution of Merck’s hemoglobin. Browicz found red 
_ blood corpuscles in various stages of disintegration lying in sharply 
defined vacuoles in the liver cells, occasional masses of a dark brown to 
black pigment both in the cytoplasm and in the nuclei, and two different 
kinds of crystals sometimes in the cytoplasm and sometimes in the nuclei. 
Similar appearances were described by him in the livers of new-born 
children and in the adult human liver in cases of chronic venous con- 
gestion. The livers were fixed in 2°/, formalin and cut by the freezing 
method ;, the sections were stained by v. Gieson’s method or by eosin 
and hematoxylin. Browicz believed that hemoglobin entered the liver 
cells directly from the blood stream both in a soluble condition and in 
disintegrating red blood corpuscles, and was so modified within the cells 
that subsequent fixation by weak formalin caused it to crystallise. He 
found large crystals in some nuclei, seldom more than one in a nucleus, 
and small needle-shaped crystals in the nuclei and cytoplasm of other cells, 
He adduced proofs to show that the crystals are composed of hemoglobin 
or possibly of methemoglobin and he believed that they are produced 
post-mortem by the action of formalin on hemoglobin already modified 
by the liver cells. 

Crystals are not uncommon in the nuclei of the liver cells of the dog, 
and it is not necessary to inject hemoglobin or any hemolytic substance 
intravenously in order to demonstrate them. They are numerous in 


1 Anzeiger d, Akad. d, Wissensch. in Krakau. June 1897, and Nov. 1898. 
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dogs killed rapidly by an overdose of chloroform, and do not appear to 
be any the more plentiful in dogs which have been kept under an 
anwsthetic for some considerable time before death. They are to be 
found in sections of livers which have been fixed in varying strengths of 
formalin, and in saturated corrosive sublimate. The crystals are more 
numerous in some livers than in others, and good fixation is necessary 
to preserve their outlines. The dog is the only animal in which I have 
been able to find them, but I have not yet made an extensive examina- 
tion of the livers of other animals. The crystals may be seen after 


staining with eosine and hematoxylin but unless the eosine is deep and = 


well differentiated they are easily overlooked. One of the best ways of — 
showing them is by staining thin sections by Mann’s long methyl- 
blue-eosine method ; another equally good and more rapid means is by 
Muir's methylene blue and eosine method, in which the sections are 
stained with the aid of heat in saturated alcoholic eosine, the colour 
fixed in saturated potash alum ; they are then differentiated in alkaline 
alcohol and counterstained with methylene-blue. In sections stained 
- by the latter method the crystals have a deep red colour, a little deeper 
than the colour of the red blood corpuscles, the nuclear membrane of 
each liver cell is blue, the nuclear network small in amount also blue, 
and the nucleolus deep red. | 

I have never seen more than one crystal in a single nucleus, or more 
than one nucleus containing a crystal in any cell, As a rule in each . 
liver cell there is a lightly staining and a darkly staining nucleus; 
crystals occur in both kinds but never in the same cell, The crystals 
vary considerably in size, are prismatic in shape and have a close 
resemblance to crystals of oxyhemoglobin. Some are small and lie 
inside the nuclear membrane without displacing it or altering the round 
- appearance of the nucleus. Others are longer and may be as much as three 
times longer than the breadth of an average sized nucleus. The 
prismatic shape is usually easy to see, the short crystals are relatively 
broad and the long ones narrow. The ends of the short crystals are 
almost square, while those of the long crystals are more angular. 

In a nucleus which holds a crystal the nuclear network is pushed 
aside and the nucleolus usually lies close to the nuclear membrane 
immediately opposite the middle of the crystal on one side of it. The 
nuclear membrane is always complete and never ruptured ; when holding 
a long crystal it is stretched round it, and the nucleus in such a case 
may stretch across the cell from wall to wall, and in outline resemble a 
very thin spindle or a whet-stone, The other nucleus, if there happen 
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se hens tec cell, is of a normal size and does not differ in 
appearance from the nuclei of surrounding cells. Occasionally the wall. 
of the liver cell is pushed out a little by an exceptionally long crystal. 

The crystals must be formed during the life of the liver cell ; the cell 
is presumably killed by the fixative employed and if the crystals are of 
post-mortem formation the nuclear membrane must inevitably be 
ruptured and the cell protoplasm torn. Nothing of the kind occurs and 
both nucleus and cell have the appearance of having completely adapted 
themselves to the presence of the crystal during life. 

The crystals behave like red blood corpuscles in their reaction to 
stains and are probably formed from hemoglobin or some derivative of it. 
Occasionally a nucleus is seen which contains an amorphous mass of 
similarly staining material, and red blood corpuscles in all stages of 
disintegration may be found inside the protoplasm of liver cells. I have 
not seen crystals in any other situation than inside the nuclei. 

_ The significance of these crystals is uncertain, and more needs to be 
known about them before any definite theory can be formed to account 
for their presence. If they are composed of hemoglobin they lend 
support to the views expressed by Browicz in regard to the part played 
by the nucleus in the formation of bile. The ready crystallisation of 
hemoglobin in the dog may account for its presence in this form; if 
so one would expect to find crystals in the liver cell nuclei of other 
animals—rat, horse, squirrel and guinea-pig—in which the incon 
is also readily crystallisable. © 


The relation of the liver cells to the blood vessels and 

lymphatics. By Percy T. HERRING and SUTHERLAND SIMPSON. _— 
(Preliminary communication.) 

The results of the injection of the blood vessels of the monkey, dog, 
cat, rabbit, guinea-pig, hedgehog, rat, common fowl and frog show that 
there are fine intracellular canals in the liver cells which are in direct 
communication with the blood vessels, The liver cells derive their 
nourishment directly from the blood plasma which is conveyed to them 
by these fine channels. Red blood corpuscles in the process of 
disintegration are also frequently met with in the liver cells, and in the 
dog crystals of hemoglobin are found in the nuclei. The evidence 
points to a very close relationship between blood and liver cells. 

The injection of the main lymphatic trunks of the liver in the dog 
and cat gives no support to the generally accepted view that there are 
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perivascular lymphatics in the liver lobules. We find that the lymphatics 
are confined to the connective tissue of the liver. They take their origin 
_ just outside the periphery of each lobule and form networks round the 
branches of the portal vein, hepatic artery and bile ducts. Lymphatics 
are also present in the adventitia of the hepatic veins and spread to 
their small branches but are not found in the central veins of the 
lobules. The lymphatics of the hepatic veins join the large trunks in 
the portal spaces and emerge with those of the rest of the liver at the 
portal fissure. 

_ Rupture frequently takes place into the blood vessels from the 
lymphatics during injection of the latter, and when in small quantities 
' the injection-mass has a tendency to adhere to the walls of the blood 
vessels, and this gives rise to the appearance of a perivascular ring of 
injection material. The injection-mass frequently fills the portal spaces 
and interlobular connective tissue without a trace of it entering the 
lobules; when it does enter the lobules it is always present inside the 
blood vessels and the position of its entry is at the junction of interlobular 
branches of the portal vein with the portal capillaries at the margin of 
the lobules. This is also the situation where the bile ducts have the 
greatest tendency to rupture. — 

The portal capillaries are sinusoids in the sense of Minot and are 
lined with a peculiar form of endothelium which was looked upon as a 
syncytium by Ranvierand Kupffer. The only connective tissue found 
inside the lobules is in the form of delicate fibrils. The endothelium is 
closely applied to the liver cells without the intervention of perivascular 
lymphatics, It is made up of two kinds of cells, one with small nucleus — 
_ and little protoplasm and the other with large nucleus and granular 
protoplasm. The latter has marked phagocytic properties, is often 
branched and belongs to the class known as Kupffer’s cells. The 
endothelium may be deficient. One of the chief characteristics of the 
wall of the liver capillaries is its permeability, allowing of the free — 
passage of fluid and even of fine solid particles into the liver cells, and — 
from these into the lymphatic spaces at the periphery of the lobules. 


Preliminary note on the chemistry of the placenta. By 
W. CRAMER and Jas, LocHHEaD. | 
Chemical investigations of the placenta have hitherto been conducted 
almost exclusively on human placente obtained after labour, ie. at a 
time when this organ is cast off as being of no further use. It is obvious 
that an investigation of the placenta during its functional activity and 
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at known stages of pregnancy is likely to give more interesting results. 
It was therefore decided to use animal material, and the placente of 
sheep and rabbits have been examined at different stages in the second 
half of pregnancy. The maternal and foetal parts have been mechanically : 
separated. This affords a means of detecting differences in the com- 
_ position of the two parts, though the separation is not a perfect one, and 
the results obtained promise to throw new light on the metabolic processes 
occurring in the placenta. 

The Nucleoproteids have been examined in the placenta of the sheep, 
and differences have been found in the composition of those obtained _ 
from maternal and fetal parts respectively. 

Glycogen has been determined quantitatively in the rabbit’s placenta : 
the maternal part has a considerable store, while the foetal yields only 
a trace which may be derived from small amounts of maternal tissue 
remaining attached to the foetal placenta after mechanical separation. 

Glycerine extracts of maternal and foetal parts have been tested for 
the presence of ferments. Peptic and tryptic ferments have not been — 
detected. The ereptic activity was measured at first by the colorimetric 
method based on the diminution in the depth of tint of the Biuret 
reaction. This method gave positive results in both extracts. A new 
and, as we believe, more accurate method was then devised. A solution 
of albumoses prepared from Witte Peptone was digested by the extract 
to be examined, exact controls being made by adding an equal amount — 
of the boiled extract to the same quantity of albumose solution. After 
24 hours digestion, the albumoses were precipitated by full saturation 
with zinc sulphate. The difference in the amount of nitrogen present 
in the filtrates gives a measure of the ereptic activity. By this method . 
the maternal and foetal parts of 3 sheeps’ placente have been examined, 
and no erepsin was found. Extracts of cat’s jejunum and kidney and of — 
rabbit’s liver and kidney were also tested, a positive result being obtained 
with the first and a negative with the others. Further experiments are 
being made. 

Glycerine extracts have also been examined for amylolytic and 
glycogen-splitting ferments by estimating the amount of Fehling’s 
solution reduced by the digest, exact controls with heated extracts being 
made in each case. The precautions advocated by Pfltiger for the 
determination of small ameunts of cuprous oxide were strictly observed. 
In most cases the presence of glycogen- and starch-splitting ferments 
has been demonstrated in the extracts of maternal and foetal placente 
of sheep and rabbits. Differences in the two animals and at different 
stages in each animal seem to exist. 
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Preliminary communication ‘upon ovarian transplantation 
and its effect on the uterus. By Francis H. A. MaRsHALL and 
Wittiam A. JOLty. 


The ovaries were removed from the normal position in a number of 
female rats, and transplanted on to the peritoneum in an approximately — 
mid-ventral position in the same individuals, The animals were killed 
after varying intervals, usually between two and three months subse- 
quently, when it was found that in the majority of cases the grafts were 

- completely successful, the transplanted ovaries being practically normal 
in all respects histologically. The grafted ovaries of rats killed during 
the non-breeding season were found to contain ova and follicles 
apparently in a state of growth, while the transplanted ovaries of 
animals killed in the breeding season contained typical corpora lutea. 
The follicles in the latter case had evidently undergone rupture, and the 
corpora lutea been formed after the transplantation had been effected. 
According to Knauer, who transplanted ovaries in the rabbit, a portion 
of the ovary always dies, while according to Arendt it is impossible to 
effect transplantation. Our experience is that it is possible to graft the 
entire ovary in the same animal without any part dying as far as we 
are aware. In other respects our observations agree in the main with 
those of Knauer and Limon, although differing in certain details. 

In other experiments,-the ovaries were removed from rats, and 
transplanted on to the peritoneum in other rats. In some cases the 
grafts were absorbed, but in others. the ovaries were discovered in 
position when the animals were killed two or three months. after the . 
transplantation. In the latter cases, it was found on_ histological 
examination that the ovarian stroma had undergone fibrous degeneration 
and that the ova had completely disappeared although Graafian follicles 
were still recognisable. 

A similar result was obtained in a monkey in which ovaries from 
another monkey were grafted, its own ovaries being at the same time 
removed and grafted on to the peritoneum. 

After ovariotomy(without transplantation) it was found that the uterus 
underwent degeneration, usually of a fibrous nature. This degeneration 
was quite distinct after an interval of four months, and was extremely 
pronounced after longer periods. On the other hand, after trans- 
_ plantation of the ovaries (for about three months) the uterus was found | 
to be normal. We are disposed therefore to agree with Knauer 
that the normal condition of the uterus is dependent upon ovarian 
influence, which is probably of the nature of an internal secretion 
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elaborated in the ovary. It should be added that the rats whose ovaries 
had been transplanted to abnormal positions showed distinct indications 
of estrus, but ‘ heat’ is difficult to detect with absolute certainty in rats. 


The “Islets of Langerhans” in the vertebrate pancreas. 
By Swate Vincent and F. D. THompson. 


(Prelommary communication.) 


Se the vertebrate pancreas there are two kinds of tissue in addiaion 
to the ordinary zymogenous tubules, (1) the leptochrome tissue 
forming the well-known islets of Langerhans and (2) the bathychrome 
tissue, represented in mammals for the most part by small groups of 
cells or even solitary elements scattered throughout the secreting alveoli. 
In the ox, however, there are occasional definite islets of this bathy- 
chrome tissue. 

In birds, reptiles, aad amphibians, in addition to the leptochrome 
islets, there are solid masses of cells of quite a different character. 
These stain very deeply with most ordinary staining reagents and are 
specially marked after fixing with Flemming’s fluid. These constitute 
the bathychrome tissue in these animals. We have at present no 
evidence that it undergoes changes under different physiological 
conditions. 

The bathychrome tissue has a tendency to form in certain regions a 
true syncytium. This we have observed so far only in birds. | 

In birds, reptiles, amphibians and fishes, as well as in mammals, 
there are individual bathychrome cells scattered throughout the 
zymogenous tissue in various regions of the gland. 

In all the chief groups of vertebrates the leptochrome islets (the 
known islets of Langerhans) frequently show distinct traces of an 
alveolar arrangement. The solid: columns composing the islet often 
show, for example, a double row of nuclei corresponding to the 
position of the nuclei in the secreting tubules. 

The islet columns are frequently in complete anatomical continuity 
with the surrounding zymogenous tubules and all kinds of transition 
forms are common throughout vertebrates. 

In birds, reptiles and fishes a distinct lumen, within the leptochrome 
islet area, can sometimes be detected. 

In mammals (dogs and cats), birds (pigeons), and amphibians (frogs) 
the effect of inanition is markedly to increase the amount of the 
leptochrome islet tissue at the expense of the zymogenous tissue. 
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After a period of inanition direct continuity and transition forms are 
even more marked than in the normal animal. If, after a period of 
inanition, the animal be restored to its normal condition of nutrition 
the pancreas likewise returns to the normal, and the presumption is 50 
alveoli are reconstructed from islets. 

An increase in the amount of islet tissue may also be induced by 
exhausting the pancreas with secretin (confirmatory of Dale). 

Although the leptochrome islets of Langerhans cannot be regarded 
as in any sense a tissue swi generis, their abundant capillary supply 
and the nature of their protoplasm suggest that they may be localised 
areas of the zymogenous tissue modified by physiological conditions 
and set apart for the purpose of a special internal secretion. | 


On the state of the ovaries during lactation with special 
reference to the luteal tissue. By B, P. WATson. 


The present’ investigation was undertaken, to ascertain the histo- 
legical appearances of the ovaries of animals killed during lactation, 
special attention being ditected to the luteal tissue. 

The material employed consisted of the ovaries of a consecutive 
series of 20 rats which were killed in the puerperium, at periods varying 
from 86 hours to 23 days after parturition. The ovaries show very 
uniform appearances in the entire series. The corpora lutea are large 
and visible to the naked eye as reddish excrescences on the surface of 
the ovary. On microscopic examination they present the size and 
appearances of the corpora lutea of pregnancy, being much larger than 
the corpora lutea which develop in the absence of pregnancy or lactation. 
It is obvious that this must be explained in one of the two ways : 

(a) These bodies are the corpora lutea of pregnancy which do not 
degenerate in the later part of gestation in the manner commonly 
accepted, but persist throughout the lactation period, or | 

(6) They are developed from follicles which have ruptured at or 
shortly after parturition; and have attained a larger size than obtains in 
animals which are not nursing. 

It is important to note that the corpora lutea of a rat 36 hours after 
parturition do not differ in size or appearance from those of animals — 
killed when their young are weaned at the age of three weeks. This 
fact inclines me to the view that they are the corpora lutea of pregnancy. 
Whichever explanation turns out to be the correct one, the state of the 


_ ovaries described appears to indicate that the luteal tissue is fanetionally 
active during lactation. 
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The influence of a meat diet on the thyroid gland in the 
second generation of meat fed rats. By CHALMERS WATSON. 


In the Proceedings of the Physiological Society of December 17, 
1904 the author gave a preliminary communication on the influence of 
a meat diet on the thyroid gland of rats which had been fed on meat for — 
periods varying from 6 weeks to 4 months, The present investigation 
was undertaken to ascertain the effects of the same diet on the thyroid 
glands in the second generation of meat fed rate. The thyroid glands 
of over 50 animals have been examined, with an equal number of 
controls. The ages of the rats varied from‘one day to three months; 
thirty of the series were under three weeks old, being unweaned at the 
time of death. 

The histological appearances of the thyroid glands of all the meat 
fed rats differed from those of the control glands. In the general majority 
of cases these differences were of a striking character; in a small 
minority (8 rats) they were much less pemnomnced. The main appear- 
ances observed were the following : 

I, Great congestion of the gland, with entire absence of colloid, and 


_ little or no attempt at vesicle formation, the gland being in an unusually 


embryonic state. This appearance was only observed in the case of 
animals which died in a fortnight after birth. 

II, An increase in the amount of the colloid, with thinning of the 
walls of the vesicles from pressure. This appearance was most 
pronounced in the case of animals whose weight and general nutrition 
at death was above the average of meat fed subjects. 

Ill. A diminution or entire absence of colloid with degeneration 
and shedding of the secreting cells. This condition was specially 
marked in the case of animals whose general nutrition was obviously 
defective. Specimens are shown illustrating a transition between II 


and ITT, 


The results of this investigation confirm the author's earlier 
observations in showing that an excessive meat diet induces structural 
changes in the thyroid gland. They further show that these changes 


may be present to a striking degree in very young animals (unweaned) 
which had not directly partaken of a meat regime, ae 
The physiological action of Tutin. By (. R. MarsHau 
Tutin is a crystalline glucoside which exists in three species of 
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known as the “toot poison.” They have proved a serious hindrance to 
the raising of cattle in this colony, most settlers having lost at some time 
a considerable proportion of their stock from poisoning by these plants. 
All domestic animals appear to be affected in the same way. In rabbits 
after a minimum lethal dose (about 0025g. per kg. body-weight, 
hypodermically) there is at first a period of quietude, accompanied by a 
diminution in the number of the heart-beats, a fall in temperature and 
an increase in the frequency of respiration, which is followed by clonic 
and tonic spasms. Death may occur in a spasm but most commonly 
tesults from exhaustion, ‘The minimum dose causing convulsions in 
rabbits is about ‘001 g. per kg. body-weight, hypodermically. Doses 
than this merely produce an effect on the medullary centres. 

The first spasmodic symptoms, after small doses, are an ap 
of clinging to the ground and an alteration in the gait. These are 
supplemented later by erection or retraction of the ears, twitches about 
the eyes and‘mouth which extend to the whole of the fore part of body, 
. and often by retraction and rotation of the head. In the early attacks 
these symptoms terminate in a tonic spasm but in later attacks the 
spasms are almost solely clonic. Previous to recovery the attacks 
often commence with a bizarre movement, the animal pushing back with 
its fore paws until, so to speak, it falls over its tail. 

Spasms are obtained so long as the medulla oblongata remains intact, 
but are better marked if a portion of the corpora peeae is ase 
They are not produced below a section of the spinal cord. © 7 


Some notes on the relation between chemiot! constitution 
and physiological action. By C. R. 


Organic nitrates. Twelve years ago I found that all thie nitrates 
of the poly-hydric alcohols and sugars possess the power of dilating blood 
vessels. My experiments seemed to show that the different quantitative 
effects observed were due mainly if not solely to differences in solubility 
in aqueous media, and that given an aliphatic compound in which 
hydroxyl groups had been replaced by nitrate radicals it would show, 
if soluble in water, a vaso-dilating action. This, however, is not: true. 
The presence of a carboxyl group has an inhibiting effect. Thus sodium 
nitroxy-tartrate, NaOOC . CHNO, . CHNO, . COONa, and the corre- 
sponding ethyl ester have no effect on blood vessels. The presence of a 


hydroxyl group in a polyatomic nitrate diminishes but _ not annul 
the vaso-dilating action. 
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.'» Synthetic Tropeines.. In a paper published in this Journal’, I 
showed that the addition of a molecular quantity of a caustic alkali to 
a solution of pilocarpine renders the alkaloid inactive. The explanation 
given was that the alkali opened up the homopilopic ring by destroying 
its lactonic constitution and thus prevented its acting as a haptophore 
group | to the glyoxaline portion (represented by R in the formulz), © 


OH, OH,.R 0,H,.CH—CH.OH,.R 
“” In order to test this hypothesis further (and also Ladenburg’s 
generalisation regarding the mydriatic action of tropeines) Dr Jowett 
prepared some new tropeines. Of these, two—terebyl-tropeine and 
phthalide-carboxyl-tropeine—will serve for purposes of illustration. 
Terebyl-tropeine contains a similar acid radical to pilocarpine but a 
different base (again represented by R in the formula). 


(CH,),. O—CH.CO.R 


Terebyl-tropeine 
- Sebitialee it produces an atropine effect and this action is 
by adding a molecular of caustic alkali as in the 
cease of pilocarpine. 
‘Phthalide-earboxyl-tropeine i is similar: constitution to homatropin, 


CH(OH).CO.R- 
i CH 
HO OH 
Homatropine 


: It--also produces. a an atropine action which is Premere on. tlie 
sildition of a molecular | quantity. of caustic alkali solution, This point 
is of further interest in that the acid produced only differs from homa- 
tropine in containing a carboxyl group in the 


_> xxxt, p. 120, 1904. 
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Strychnine derivatives. Amido-, nitro-, and mono-brom-strych- 
nines produce a similar action to strychnine but are much weaker than 
this. Dibrom-strychnine however, produces a condition of depression, in 
frogs, paralysis, previous to the strychnine action. As a convulsant it is 
much weaker than the other derivatives. 

Silver compounds. In 1897 Krinig and Paul’ published e: experi- 
ments which appear to prove that the bactericidal action of salts is due 
to the anions or kations into which they dissociate in aqueous solution. 
Their experiments showed that in the case of silver compounds the ~ 
bactericidal effect was due to the presence of free silver ions. This is 
not true, however, for ammoniacal silver chloride solutions, nor for 
certain silver compounds used in therapeutics, Possibly these undergo 
an intra-cellular change, as some double compounds of silver which give 
no free silver ions on solution are not bactericidal even in concentrated 
solution. 


On the use of soluble Prussian blue for demonstrating 

the reducing power of living tissue. By D. F. Harris and 
Moopie. 

‘The intra-vitam injection of the Prussian blue and gelatine mass 
often appears to have been a failure from the histological point of view, 
so pale is the “mass” especially in the capillaries and small vessels. 
This is due to the intense blue of the potassio-ferric-ferrocyanide 
having been by the bioplasm reduced to the pale green or white of the 
di-potassio-ferrous-ferrocyanide; a change which involves the reduction 
of tri-valent iron to the di-valent condition. | 

This green or white salt can be, by irrigation with H,O,, restored 
_to the original intensely blue colour, i.e. the original ‘soluble Prussian 
blue can be reconstituted. 

Alkaline reducers produce the same transformations on the blue 
gelatine, whether in or out of blood vessels, ending with a green or a 
“leuco” state (chromogen) according to the degree of completeness to 
which the reduction has been carried. The leuco state is rapidly masked 
by the deep brown tint assumed by such otherwise suitable reducers as 
hydroquinone and pyrogallol. 

Precisely the same is true of the living Gusling Biochemically the 
tissues may be regarded as alkaline reducers ; and if their oxygen-hunger 
or -avidity is, at the time of the injection, very. a the leuco state i is 
obtained ; if leas so, the pale green. 


1 Zeitech. f. Hyg. xxv. p. 1. 
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in the calices and pelvis, which semi-solid stuff is the leuco-compound 
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We have shown that the salts present in blood if used in dilutions 
corresponding to their percentage there, are not responsible for this 
change to a green or white but merely for a fading to a lighter blue. 
But ¢.g. Ringer’s solution added to the solution of the Prussian-blue- 
gelatine produces neither the green nor the white condition. 

- We have employed the method of perfusing the surviving kidney 
(sheep, cat, pig, rabbit) to demonstrate the extreme degree tu which. 
bioplasmic reduction can be carried. With sufficiently high pressures 
(100 mm. of mercury as minimum) a colourless gelatinous liquid can be 
obtained from the ureter, and also, on subsequently chilling the organ, 


(the di-potassio-ferrous ferrocyanide), and which, on treatment with 
H,0, immediately returns to the blue condition. 

The relative vigour of the reducing power of the different living 
animal tissues can be very well shown by the Prussian blue method. 
For instance, in the most energetic tissues, liver and kidney, the pigment — 
is always very pale or white; in the less so, we find colour in increasing 
amount, in the alimentary mucosa, in glands, in the brain and in the 
skin ; muscles do not seem so pale as the above, but this may be due to 
their less rich capillary supply ; the spleen, the eye and the lungs seem, 
by this method, to be very feeble reducers. The vessels of capsules 
are very blue compared with those of the parenchyma of the organ ~ 
below. . 

In large blood vessels from which all blood has been expelled by 
saline solution previous to injection—the usual condition—the gelatine 
mass is unaltered in colour; in the capillaries the pigment is in a 
leuco condition, while in vessels of intermediate calibre we have all 
gradations between blue and pale green. That is, those vessels not 
surrounded by living parenchyma are unaffected by reduction, while 
those (capillaries) which are divided from the living, oxygén-craving 
tissues only by a lymph-space are the seats of the most energetic 
reduction, In proportion as the pigment is brought nearer to the 
living cells, the more perfectly is this biochemical reduction effected. 

In those cases where the blood has not been washed out of the 
larger vessels and therefore allows the blue gelatine to mix with it, we 
have a demonstration of the feeble reduction that can go on in blood 
itself, The mixture is always of a dark green colour. 

Similarly, blood added to a dilute solution of the blue gelatine turns 
it pale green. 

got —— the “reducing substances” of blood have been at 
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work. not with that vigour characteristic of solid tissue, still sufficiently 
_ to change the blue to green. 

_ Lastly, we would remark that the reduction is much more distinct 
when the pigment is introduced to the tissues by the vessels than when 
portions of living tissues are merely immersed in the pigment: as one 
would expect, only the surface of the living mass shows any greenness. 


Sections of human arteries. By J. A. MacWittiam and A. H. 


MACKIE. 
(Preliminary Communication.) 


Survival of human arteries presents features very similar to those 
already described by one. of us (J. A. MacW.) in the arteries of the 
horse, ox, ete. Contractility persists for varying periods and the 
contracted artery differs from the relaxed one not only in regard to 
dimensions but in elasticity, relation of cubic capacity to internal 
pressure, etc. Transverse strips of contracted artery when stretched 
show increasing elongations (with equal increments of weight) up to a 
certain point, then diminishing elongations—in contrast to the behaviour 
of a relaxed artery. Striking differences are evident in regard to the 

-inerease of volume of an artery when distended by internal pressure, 
also as regards elongation of the tube in similar circumstances. 

In human arteries obtained from post-mortems there may be no sign 
of contractility 12-24 hrs. after death, especially when death has occurred 
from exhausting diseases with prolonged pyrexia etc. But in many 
other instances marked contraction may occur, especially in response to 
chemical stimulation (chloroform vapour, alcohol, formol etc.), even 
30 hours p.m. 

Arteries obtained from amputated limbs showed’ marked contraction 
(diameter sometimes reduced to one-third etc.) in response to 
mechanical stimulation after 24-48 hours; there was a slight effect 
from chemical stimulation on the 3rd day. 

Portions of artery excised at various times after death or amputation — 
were placed in the usual histological fixing and hardening fluids, 
(a) without and (6) with preliminary treatment with relaxing agents— 
freezing, ammonia vapour, sulphocyanide or heat. Sections made from 

- (a) and (6) showed little or no differences in the case of arteries 
possessing little or no muscle or in which contractility was nearly or 
wholly absent. But medium-sized and small arteries retaining contracti- 


* Proceedings of the Royal Society, uxx. (1902). 
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lity showed very important differences in (a) and (b) as regards size of 
lumen, thickness of wall, tunica media etc.; even arteries which had 
undergone considerable structural change (intima etc.) sometimes 
showed such differences. 

In various arteries examined (brachial, carotid, basilar, middle 
cerebral, renal etc.) sections were found to show differences of 25°/,— 
100°*/, in the size of the lumen and often 80°/, etc. in the thickness of 
the media, depending on the presence or absence of contractility in the 
artery when it was put into the fixing fluid. Alcohol, formo], sublimate, 
Miiller etc. were tried. Arteries kept at room temperature till 
contractility had passed away gave results similar to those in which 
contractility was abolished by the methods already stated. 


The influence of low temperatures on nerve. By J. Tait. 


Wedensky' discovered certain irregularities in the conduction of 
impulses through a narcotised portion of nerve. Similar observations 
carried out by Fréhlich* on asphyxiated as well as on narcotised 
nerve led him to refer the phenomena described by Wedensky to a 
prolongation of the refractory period. Others (Boycott*, Gotch and 
Burch‘) have shown that the refractory period is prolonged by 
low temperature. 

The object of the present research was to see if the “ ‘Wedensky 3 
phenomena can be reproduced by cooling. This is found to be the case. 

It has further been found that the molecular change which occurs 
slowly inside the body of the cooled living animal, and which we call 
the “cooled” or “ winter” condition of a nerve, is not a stable one. It 
passes off more or less rapidly after dissection ; one cannot prevent its 
disappearance by keeping the nerve at a temperature even as low as 
0°C. The rate of disappearance seems however to be delayed by low 
temperature. As the refractory period, rate of transmission of impulse, 
duration of electrical response etc. depend in high degree on the state 
of the nerve as regards winter or summer condition, this seems to be 


‘Nerve can be definitely fatigued. Provided that certain temper- 
ature conditions are observed it is possible to prolong the refractory 
period to at least two seconds. If one short series of comparatively 

1 Pfliiger’s Archiv, Lxxxtt. p. 134. 1900. Ibid. c. p. 1. 1908, 
2 Zeit. f. allgem. physiol. m1. p. 468. 1904. 

3 Journ. of Physiol. xx1v. p. 144. 1899. 

4 Ibid. p. 410. 
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weak excitations be arranged to traverse a cooled part of the nerve in a 
direction from centre to periphery, and another similar series after a 
short interval of time to traverse the same portion of nerve in the 
opposite direction, the conducting — is so altered that it 
requires some minutes to recover. 

The changes wrought by freezing the nerve:-have heen studied. 
Freezing does not necessarily destroy a nerve. When the nerve is 
again thawed conductivity returns after a while, but even then it is not 
at first present in normal fashion. The nerve behaves as if it were in 
an exaggerated state of the cooled condition, and is highly susceptible 
to changes of temperature. Thus, the refractory period is much 
prolonged; the nerve is readily fatigued; while the conductivity may 
be abolished entirely by simply~lowering the temperature of the 
thawed portion to, say, +5°C, or +4°C. With “keeping” this 
exaggerated winter condition passes away. 


The effect of heat on enzyme activity. a W. CRAMER and 
A. R. BEARN. 


. Although it is a well-known fact that enzyme action is decaige by 
heat, very little is known about the way in which the activity of the | 
enzyme is affected. If only the decomposition of the substrate is 
considered, heat inactivates enzymes completely. Nevertheless the 
presence of inactivated enzyme has a marked influence on the reaction 
between active enzyme and substrate. 

Our experiments were made with commercial preparations of 
pepsin and rennin. The enzyme solutions were “inactivated” by 
heating to 56°—60° for 10 to 20 minutes, and varying quantities of the 
inactivated enzyme were digested with equal amounte of substrate and 
active enzyme. The tubes were all filled up to equal volume with 
solutions of HCl or Na,CO;, which were equivalent to the — or 
alkalinity of the pepsin or rennin preparations. 


Experiment. | 
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. 


In other 5 eile the amount of active pepsin was varied, 
while the amount of heated enzyme was kept constant. 
In all our experiments the presence of heated pepsin inhibited the © 
action of unheated pepsin. 


By adding a sufficiently great amount of heated = the — 


of the enzyme could be completely suspended. 


Experiments with rennin gave similar results, 


Eauperiment. 
Rennin heated to 60° Alkali . Milk Time of clotting — 
1 10 ¢.c. 7 mins. 
1 ” 1 10 ” 76 ” 
1 ” 3 99 7 ” 9 
1 ” 5 ” ” 10 10 
10 ” 10 -il 


Uniform results, however, are not so easily obtained with Rennin as 
with Pepsin. Other ferments are at present under investigation. 

If however pepsin or rennin is heated to 100° the inhibiting action 
is very much weakened or completely destroyed. 

The recent work of Armstrong and of Bayliss has biiake 
forward strong evidence in favour of the hypothesis, that enzyme action 
involves the combination of the enzyme with the substrate and that the 

process proceeds in two stages— : 
1. The formation of the compound substrate and enzyme, — 
2. The breaking down of the compound. _ 

This hypothesis offers an easy explanation of our results. Heating 
to 60° has deprived the enzyme of its power to break down the 
compound substrate and enzyme, but has not affected its power to. 
combine with the substrate. The substrate which has combined with 
the “inactivated” enzyme cannot take up the unheated enzyme and i is. 
thus protected. against its action. 

Heating to 100° changes the structure of the ensyme, so that it 
cannot combine any more with the substrate. Hence its presence does 
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A simple method of demonstrating the chromatio aberration 


fi | ae 


of the eye, By F. Goron. 


The ‘method is a’ particular application of ‘than soggendl by 
Helmholtz: It consists in viewing an incandescent, electric glow-lamp 
through a suitable. thickness of cobalt blue glass, a fine pin-hole 
diaphragm, being’ placed between the glass and thie’ observer's eye. A 


“small stand ‘attached to the'frame which carries the glass allows aniy’ 


Dd, 


lenis to inserted ‘at’ an distance between the’ glass the. 


“The ‘following facts are 
(1) “If the observer is-some five or six feet from the object (és 


the:normal-near ‘litnit) two incandescent filaments are seen, one 


“ red the other violet blue, of these the red one is the‘most distinet, the. 
violet-blue one.is.on one. side-and:is broad and ill,defined. . 
On moving the frame and diaphragm from. ‘side to. side in front 
of the eye, the red. distinct i image remains steady and fixed, whilst the 
blue one moves, the’ movement is in the same direction as that of the, 
S pin-hole diaphragm, thus showing that the violet-blue rays. are ‘focussed 


“in front of the retina, 


8) Hypermetropic observers toay easily get within. ‘the 1 near limit, 


eit’ @'distanee of few feet:’ The violet-blue i image may now become 


distingt and the red one broad and ill defined. On moving ‘the’ 
diaphragin the blue image 'is steady and fixed whilst the red one’ moves; 


_ the thovement is opposed to that of' the pin-hole diaphragm indicating 


that the red rays are’ focussed’ behind the retina:‘In‘ the normal’ 
individual @ similar result may be obtained by interposing an 
appropriate biconcave lens, 

(4) If the observer is stationed at the near limit of vision then 
both the red and blue images of the lamp sometimes appear equally 
distinct but with ill-defined edges. On moving the pin-hole diaphragm __ 
— so as to separate or approach 
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